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COMMUNICATIGONS, COMMUNICATION EQUIPMENT, RECEIVERS
AND TRANSMITTERS, NETWORKS, RADIO PHYSICS, DATA
TRANSMISSION AND PROCESSING, INFORMATION THEORY

UDC 621.391.193

DETECTION AND MEASUREMENT OF NARROW BAND RADIC SIGNAL FREQUENCY AGATNST
INTERFERENCE BACKGROUND IN ACOUSTICAL OPTO-FLECTRONIC SPECTRUM ANALYZER

Kiev IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY: RADIOELEKTRONIKA in Russian Vol 24,
No &, Apr 81 (manuscript received 12 May 80, after revision 14 Oct 80) pp 26~33

[Article by A.S. Gurevich and G.S. Nakhmanson]

[Text] The analysis of a narrow band radio signal and a
narrow normal random process by means of an acoustical opto-
electronic spectrum analyzer is treated. Expressions are
derived for the detection characteristics and the statistical
characteristics of estimates of the signal frequency for the
case of reception against a background of external noise and
internal interference from the opto-electronic system of the
spectrum analyzer.

Increasing attention is being devoted to acoustical opto-electronic devices

[1-4]) and others at the present time in the design of optical system for inform-
ation processing. Such devices are acoustical opteo-electronic spectrum analyzers
(AOES), which take the form of a combination of an acoustical optical processor
(AOP) and an opto-electronic (OES), which perform the simultaneous analysis of
the received signals in a wide range of frequency in real time. In this case, the
quality of the analysis of the received signals (the detection characteristics,
the precision of the measurement of the signal spectrum parameters) depends sub-’
stantially on the impact of extermal and internal noise. One of the methods of
improving signal analysis quality is the choice of the appropriate circuit con-
figuration for the opto-electronic system.

The reception of a narrow band radio signal and a narrow band random process
against a background of internal and external noise by an acoustical opto-
electronic spectrum analyzer is treated in this paper, where the circuit of the
analyzer is shown in Figure 1. The detection characteristics and the ultimate
measurement precision for the center frequency of the spectrum of the received
signals are analyzed.
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The acoustical-optical processor, AOES, which
is shown in Figure 1 consists of an ultrasonic
light modulator (UZMS), a device for informa-
tion input to the AOES, 1, and an integrating
lens, 2, with a focal distance of f;. The
optical signals in the output plane of the
acoustical-optical processor are registered and
. processed by the opto-electronic system, which
| consists of an opto-electronic transducer (OEP),
" 3, which is a linear matrix of photodetectors,
Figure 1. which convert:the optical signals to electrical
ones, and an electronic processing system,
which contains n channels, divided in k groups. Each working channel of the
electronic system contains an OEP photodetector 3, amplifier 4 and a threshold
gate 5. The actuation level of the threshold gates in each of the k groups can
be set at various levels in the general case depending on the noise level in the
range of frequencies corresponding to the given group of channels. The output
signals of the threshold gates within each groups are fed to the input of a group
resolver Ai ({ = 1, ..., k), which contains a detector unit 6 and a frequency
measurement unit 7. The detection unit of the resolver for the i-th group sums
the output signals of the groups channels and makes a decision concerning the
presence of a signal in the case of the actuation of the threshold gate in any of
the channels. The frequency measurment unit sums the output signals of the
threshold gates with a "weight", which is proportional to the number of the
channel figured from the beginning of the group. The measurement of the frequency
of the received signals in a limited frequency range (within a group) makes it
possible when receiving signals against a background of strong noise to reduce the
probability of anomalous errors, which increase with an increase in the apriori
specified frequency range [5]. Resolver A makes a decision concerning the pre-
sence of the received signal in the range of frequencies corresponding to the
given group of photodetectors, based on the "weighted" summing of the output signals
of the group resolvers.
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Let the following additive mixture be fed to the input of the ultrasonic light
modulator of the acoustical-optical electronic spectrum analyzer:

' x(t) = st +n(d),
(1)

where su)==Re{a@/ﬂ)expi(mg<+-¢)} is a narrow band radio signal with the

complex envelope U(t) = U(t)ei®(t), while n(t) = Re{N(t)ejuwrt} is normal noise
with a zero mean value and a correlation function of B(1) = ==172RQ{B(T)€MMT

B(x) = (NNt +1). Then the distribution of the light field intensity in
the output focal plane (£, n) of the integrating lens with a focal distance of
f1, can be represented in the following form [4] as a function of the spatial fre-

quencies  2n 6in B — 228 and  _ _ 2nn
S VS M

Iw ) = 1, (v, 1) + T (1,9, 0), 2
2
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is the signal component of the intensity which carries
the parameters of the received signal;
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the useful information on

(4)

is the interference component of the intensity, the statistical characteristics

of which, the mean value and the correlation function,

have the form:
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It is presupposed in expressions (3)-(6) and the subsequent discussion that the
duration of s(t) considerably exceeds the time it takes the signal to pass through
the aperature of the ultrasonic light modulator, and the analysis is made for the
case of complete filling of the light modulator.

When receiving a narrow bard normal random process with a zero mean value and a
spectral density of S(w-wg), which is concentrated in the vicinity of wg, the
expressions for the statistical characteristics of the intensity distribution in
the plane (&, n) which can be derived on analogy with [3, 4] have the form:

2 H or. .D{ , o
(l.(u,v.t))=<E°;p;1D)51nc2 ~2 %[Slncz?(uT—%)""

B + sinc? —I;— (u — —L:—/"—)] ' ' %))

4 \ 4
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1 @V [(dT)? + (@F)7) + 4dvditdy dF cos 24 (f — 1)} +
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0
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0 .
rae where -
X di—sincg u..;-_uﬁ_ 03=1—A5(m—m0)d0).
F=sinegim =yl % T O
1]

The mean value of the interference component <I"(u,\),t)>, as follows from expres-
sion (5), is a steady-state quantity and can be compensated in subsequent opto-
electronic processing at the output of the opto-electronic transducer [4]. For
this reason, it can be assumed in the following that it is equal to zero without
losing any generality.

The conversion of optical signals to electrical ones, as was indicated above, is
accomplished in the (£, n) plane by means of the photodetactors of the
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opto-electronic transducer having dimensions of dg X dn each, the centers of
which are spaced along the Of axis at resolution intervals of Af = AfL/D. Then
the electrical signal at the output of the photodetector of the r-th group having
center coordinates of £ = 1AE can be represented in the following manner:

- ) dE

b+ dn/2
_ Gy =K | & \ dnl (w9, 0+ nw(0), ®
- Ei—jz‘a' it

where Knp is the slope of the characteristic of the photodetector; nmi(t) is the
internal noise of the photodetector and the amplifier following it, refigured for
the input of the latter, which have a zero mean value and a correlation function
of <nm¢(ll)nm,'(tz)>==N;;,/26(t1—f2)6i5: ; 649 1s Kronecker's delta; 8(t1 - t97)

is a delta function. In the case of Bragg diffraction, the following inequality
is usually justified: ng/AfL << 1. 1In this case, the expression for G}*’/ can be
represented thusly:

GO () = wl (&, 0,8) + nu (), % = Knpdidn. : (10)

Then the signal to the input of the threshold gate can be written as:

PO = f 6t — ) h (@) dr, ab

tu

where h(t) = Afe-Aft is the pulse characteristic of one channmel; ty = Ty = D/V
is the moment of the start of registration, corresponding to the f£illing of the
aperture of the ultrasonic light modulator with the signal being analyzed. The
expressions which describe the output effects of the detection unit and the fre-
quency estimation unit of the resolver Ap of the r-th group, have the form:

- 1
Z(t)y =& (1) VEOV ... VED(D), (12)

f=29 Wi,  wo={" oy

r= Dan, = R 0, =~ <" (13)

where bwy 1s the apriori value of the r-th frequency interval, while V designates
the operation of logic addition. The output signals of the detection and interval
number estimation units, in which the signal is received, and of the resolver A,
are written in the following manner:

B=Z()VZ(t)V ... VZc(t), (14
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F="

rZ, (1), (15)

b=

r

where
g =1,

b4+

{
:
Z,(t) =
] 0, PE () =0,
{

i=1

13

i.e., the decision is made that a signal has appeared in the r-th interval when
Zp(t) > Zypregh and that there is no signal when Zp(t) < Zipregh- We shall con-
sider the detection characteristics and the statistical characteristics of the
estimates of the frequency and the frequency range when a signal is received in
the j-th frequency interval.

If the hypothesis Hj (i =1, ..., k) consists in the fact that the signal being
analyzeéd belongs to the j-th frequency interval, the expressions for the false
alarm probability and the probability of missing a signal (given the condition
that the hypothesis Hj is correct) can be written:as:

Y. v,

Pra, = Pu= ] 0. - - 16

f.a. P'"—1_5"'5"'.\"'SW",+"2+---+"k(p/S=O)dp' (16)

v; - -

’ Pi={...( W (p/s=0)dp,

an

where yvj 1is the level of the threshold at the output of the working channels of
the j-th group; 14 oty (p/s =0). 1s the combined probability density of
R

n
the output effects of the working channels of the opto—electgonic gystem at the
input to the threshold gates when no signal is present; an(p/s # 0) is the
combined probability density of the output effects of the working channels of the
j-th group of the opto-electronic system at the input to the threshold gate when
a signal is present, where the signal being received belongs to the j-th frequency
interval, and the probability of an erroneous decision when the hypothesis Hj is
correct is:

¥

...gwn,(}'/s;eom;,

X .vf - - )
eXXQX  r#i —=

The expressions for the biases and dispersions of the estimates of the signal fre-
quency and the frequency interval to the which the signal belongs is written as
follows:

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1

FOR OFFICIAL USE ONLY

ar

(= Q—Aﬂ“;’{: Z iDf", (19)
Z |
o2 4””2 nzrgrj” (DY — DD, (20)
_ =1 =l v
(Iy= }:}42 ) —Z e
o7 = }:}: /1Dy — DD} @2
= -

© ' Vr I
Df'=(W(pMdpp, Dy=1—(...(W,()dp  (23)

W
Yr —0

are the probabilities that the threshold is exceeded at the output of the i-th
channel of the r-th group and at the output of the threshold gate of the r-th
group respectively, while:

) WO = j [ W (o0, ) dpindply (24)

YVr

is the probability that the threshold is exceeded simultaneously at the output
of the i-th and j-th channels of the r-th group.

¥r

Vr
D”='+5'_'; g W, oy (P dp— (... (Wa, (5} dp—

_5\‘5“7n,(;)d; ) (25)

is the probability that the t('hfesholds of the r-th and j-th group resolvers are
exce?dszd tooethfr W(p ) is the combined probability density of the values
of pj and P ( §t the output ofjtne i-th and j-th channels of the r-th group;

Wy o ( o Pnr , (j ) is the combined probability

density of the values of the output signals in the channels of the r-th and j-th
groups. Considering the fact that a narrow band signal is applied to the input of
the acoustical opto-electronic spectrum analyzer, while the photodetectors are
spaced along the Op axis at distances equal to the resolution elements AZ, the
expressions for thé statistical detection characteristics, the estimates of the
center frequency of thc signal and the number of the frequemcy interval to the
which the received signal belongs, (16)-(22) can be written as:
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S Aar
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Po(H) = 11— 0" (@] + O (@)  (al),
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U? —1 [ l. -1 1 l v .(D r
- - =@l (al.=)¢'(a‘,:)[1—- (a%) @ (al)] + r’®" (a7) X
0
vy

X [1— @™ (@),

- where Ig is the frequency interval in which the signal is received; ig is the
pumber of the responding channel within the interval Zg; ¢(x) is the probability
integral of [6];

W'hen . ’Yn,o —mgr)
- ai,’,wgs{*l ikiy @ =...=0 = a npi r=ly; a? = ___P-__——c(:) ,

0(_1') = [pﬁf)]’f for all i and j of the r-th group;
1
P = (p(T) p"’ (7)) — m")m") = SB"’ ty ) h(T —t)h (T —t;) didts,
Byt 1) == [(1 (1", 0, tl)l(u(" 0,4)) — (1 (", 0,4)) X
a X (I (ufn, 0, t))]+ 8(fy —1.) &yy,

min = (i) (T)) = x \T (1, (P 0, )Y h (T — 1),

tn

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1

FOR OFFICIAL USE ONLY

(r) (1)

Bij and pyi’ are the correlation functions of the signals at the input of the
i-th and j-th channels of the r-th group; m&r) is the mean value of the signal
at the output of the i-th channel of the r-th group.

- ”‘(}i'/ayfg’
08 === Sk =1 -3 o
06 75 -0z o= |
P e e R =
o ey S W AN—
0z —7/41’—/—'”»’;«5— -6 Vi 2L
; %2 === 9,090 (3) a8 ’,/ Bir=Q!
W W Qf:, 0 40 80 Ga
§ (b) e 6
Pre 2, ois (c)
Figure 2,

Key: 1. Detection probability.

To illustrate the results, we shall consider the reception of a square-wave
narrow band radio signal, s(t) = agcos(upt + ¢) with a width of 1g >> Ty = D/V
and a narrow band normal random process, the spectral density of which is con-
centrated in the vicinity of the frequency sQ, against a background of white
noise with a spectral density of Np and the internal noise of the opto-—electronic
system with a spectral density of N;. It is assumed in this case that the opto-
electronic system contains 100 working channels, broken down into 10 groups, in
which case, if it is considered that the spectral noise density along the entire
frequency is constant, the threshold level at the output of the working channel
Yr is chosen the same. The calculations of the detection characteristics and
the statistical characteristics of the estimates of the signal frequency and the
number of the frequency interval to which the received signal belongs were made
for the following values of the parameters: a false alarm probability Pg.a. =

= 0.1 and 0.001; a coefficient of K=[x(E°;ffHD )z—gfi/VNmAf]z = 10, 30 and 100 -
a o

the ratios of the referenced internal and external noise powers; Qpoise = Qu=

.
= xz[EN .%2} X (NuAf)™ = 5 to 200 - the signal/internal noise ratio.
a

The curves for the detection probability Pqet are shown in Figures 2a, b and ¢
as functions of the signal/noise ratio Qpige for various values of the ratio of
the external and internal noise power and the false alarm probability Pf.a.. The
solid curves correspond to the reception of a determinate signal, while the
dashed curves apply to the random process. It can be seen from the nature of the
curves that the detection probability increases with an increase in the signal/
/noise ratio Qneise and with a decrease in k.(a reduction in the external
interference power at the input). In the case of an unchanged signal/noise
ratio Quoige» 2N increase in k leads to a reduction in the output signal/noise
ratio, and correspondingly to a decrease in the detection probability. With a
reduction in the false alarm probability, the level of the threshold rises, and
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for this reasom, to retain a specified detection probability, it is necessary to
increase the signal power.

The curves for the relative bias in the estimate of the frequency <f - fg >fg

and the dispersion czlf% are shown in Figures 3a, b and ¢ as a function of Qg
for values of k ans Pf.a.. It follows from the nature of the curves in

Figures 2c and 3a that the value of the frequency estimate bias depends substant-
ially on the false alarm probability and the ratio of the external and internal
noise powers. In this case, when k > 10, the value of the bias falls off with an
increase in the signal/noise ratio. As follows from the nature of the curves in
Figures 3b and 3¢, the value of the frequency estimate dispersion has a sharply
pronounced maximum, which shifts with an increase in k to the region of greater
signal/noise ratios. This can be explained in the following manner: with an
increase in the signal power (when the useful signal power is considerably less
than the external noise power), the noise component of the intensity at the input
to the opto-electronic syst u, which is due to the interaction of the signal and
the external noise, increas.s more rapidly than does the useful component of the
intensity and the value of the frequency estimate dispersion increases. In step
with the useful signal compoents starting to exceed the interference components,
the level of the dispersion reaches a maximum and thereafter begins to fall off.

23 G- 1M, o A /9 _
I o TRl e IS
g K'/O/,’a’jg 4 //I,’ X 30 I/////(JU ,”’
05 74 = 03(r RS Pg
084///’ T 10 fwo] K10 o A«

NG == Froom [ la-w W7 8000
W=w w0 %o 4w & _Q 0 W 8
(@ o Qugise m ¢ Ynotse 6 ()
Figure 3.

In this case, the greater the external noise power (k increases), the greater

the signal/noise ratio at which the maximum of the dispersion is achieved. When
the false alarm probability is reduced (i.e., the threshold level increased), the
power of the interference spikes decreases, and for this reason, the level of the
maximum value of the estimate dispersion is reduced. As calculations demonstrate,
the nature of the curves of the statistical characteristics of the estimates of
the number of the fraquency interval to which the received signal belongs, is
similar to the behavior of the statistical characteristics of the estimate of the
frequency of the signals being analyzed, and therefore, these functions are not
given here.

10
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UDC 621.391.193

PRECISE MEASURING OF RADIO STGNAL CARRIER FREQUENCY AT OUTPUT OF ACOUSTICAL-
- OPTICAL FREQUENCY GATE IN PRESENCE OF EXTERNAL ADDITIVE INTERFERENCE

Kiev IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY: RADIOELEKTRONIKA in Russian Vol 24,
No 4, Apr 81 (manuscript received 21 Dec 79) pp 46-52

[Paper by B.G. Katkov]

[Text] It is shown that when a mixture of a signal and noise
pass through an acoustical-optical frequency gate, a multipli-
cative component appears in the output signal. Expreszions to
estimate the precision in measuring the carrier frequency of
radio signals are derived and analyzed.

- We shall consider the impact of external additive interference on the precision
of the measurement of the carrier frequency of radio signals passing through a
gating deivce designed around an acoustical-optical (A0) parametric four-pole
network, the generalized schematic of which is depicted in Figure 1. We shall
assume in this case that the receiving and analyzing equipment is optical for
the measurement of the radio signal carrier frequency against a background of
whitenoise.

We shall assume that the input signal sj(t) = Re{$1(t)}, which is fed to the
first ultrasonic light modulator (UZMS1), takes the form of an additive mixture
of the signal s(t)Re{5(t)} and interference n(t) = Re{a(t)}, while a reference
signal s2(t) = Re{32(t)} is fed to the input of UZMS2 [ultrasonic light modula-
tor 2].

Let ultrasonic light modulators 1 and 2 operate in a Raman--Nata diffraction

mode. It is easy to show [1] that in this case, the monochromatic light wave
having a plane front, a frequency of ucB and an amplitude of Eg, which is normally
incident to ultrasonic light mecdulator 1, and passes through lenses L1 and Lj, as
well as the spatial frequency filter & and ultrasonic light modulator 2, will
produce a light distribution in the focal plane of integrating lemns L3 which can
be described by the expression:
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14, f T+
Figure 1.
Key: 1. UZMS 1 [ultrasomic Figure 2.
light modulator 1}];
2. Ultrasonic light
modulator 2;
3. Photodetector.
“ . 1
e(t, o)~ EAF Re {exp (jocf) 5 [r (23)A,51KV,1 ) z,) L
e (1)

+ 7 (23) A:S:z <—V'IL‘ZL'QA )] exp (— jo,z) dzs}-

where w, = -(27/AF3)z4; A is the wavelength of the light; F1, Fp and F3 are the
- focal lengths of the lenses Lj, L2 and L3 P= F2/F1; Q = V1/V2, V1 and Vg are the
= propagation velocities of the ultrasound in ultrasonic light modulators 1 and 2;
Ay and A2 are coefficients which determine the level of modulation of the light
flux in ultrasonic light modulators 1 and 2;

1
r(zs)zrf(,—,z—z) e =n,( %) 7 (29);

) 1, }2]1<0,5L
r{z = ’
0,|2]>0,5L .

r] and r) are the aperture functions of ultrasonic light modulators 1 and 2.

, L is the aperture of the ultrasonic light modulators;

To simplify the mathematical derivations, we shall assume that the light distribu-
tion along the z4 coordinate is registered by means of one photodetector with a
square-law response. In this case, the expression for the output current of the
photodetector can be written in the form:

©

‘ L . 2

[, (f) > By (E/AF A,)? g ‘ 5 r(z3) $; (Vlt - ‘zpi ) exp (— jo,z;) dzz| dz, -+
A /

+ By BR[| | riein( PG e oy dat @

G —=
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+ 2B, (EQAF, A, 5 | j rz)s (1‘—2—;&) exp (— jo.z) dz;
G

-

X‘ S r(2;) 5.1(V1’ — %) exp (— jo,z;) dz, | dz,,

where B1 is a dimensiomnal proportionality factor; G is the size of the input
aperture of the photodetector.

- In the absence of interference, the first and second terms in (2) describe slowly
timewise changing electrical signals, which can be filtered out electrically
(in the load of the photodetector). The third term in (2) (we shall designate it
as i13(t)), which describes the useful component of the output current, can be
represented in the form:

¢ : z3y - Vit — Q2 \ ] 3
Iy (t)ﬁ’-Bz”:aRel & r(z)r(— ZJ)SI(VI —%)52(—17_‘) dzs j )

where B, = B, (EgtF1)* A,A,.

Ta order to restore the input signal at the output of the photodetector, it is
necessary to take a §-function as the reference signal:

SZ(V,t—Qz,).:6<Vlt—Qz,).

Q Q

Then, considering that r(z3) = r(-z3) = 1, and by selecting the parameters of
the four-pole network in the appropriate manner, we obtain:

iy (1) o By F; Re (s, (), ()
i.e., the current spectrum of the signal s(t) 1is produced at each point in time
along the coordinate z4 and the input signal is restored from the output of the
photodector. In practice, ome can take a sufficiently short pulse with a wide

spectrum instead of the &-function.

we now consider the expression for the photodetector output current in the
presence of additive interference:
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=)= 1)

i) B, (EghFrAy)? \
G

| e (Yo%)

X exp (— jo,z5) dz;

. .
dz, + By (EAF A |
G

-]
24

2dZA + 2B, (EFy)* AjA, V ' S 7 (23) [31 '\Vx - 7) +

G ~= -

X exp (— jo,z;) dzg

S r(z) éz (E—TQES—) exp (—jo,z3) dz, l dz,.

+n (Vlt — —Z-PE'-)} exp (— jo,2;) dz, \

(5)

The first term in (5) can be represented in the form:

o - 2 , 2
i1 () = B, (EAF, A Y | S (a3 Vit~ 75) exp (— jo,20) dzy | dz, +
¢ —o

2
dz + -

+ B EAFAY || | e (Vit— 5 )exp(— oz e
G -

+28,ERFAY %
G

[ res (w ~ %) exp (— jo,2) dzg

x| { r@ AVt =) exp (= jouzy da,

' (6)

Just as in (2), the first ard second terms in (6) describe slowly changing
functions of time. The third term in (6) can be reduced to the following form

by means of simple transformations:

R e S

—®

i (f) = 23:(507'F1A:)2 2F;Re

As can be seen from (7), a multiplicative interference component will be present
in the output signal. The second term in (5) describes a slowly changing
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function of time. The third term in (5) (we shall designate it as i3(t)) describes
the sum of the input signal s(t) and the interference n(t).

Thus, when an additive mixture of a signal and interference is fed to the input
- of the parametric four-pole network, the restored electrical signal will contain
additive and multiplicative interference components.

To realize frequency gating of the radio signals, the light field should be
registered by means of photodetectors positioned along the z4 coordinate (Figure 1)
and operating in optical heterodyning mode. We shall assume that the photo-
detectors are placed flush against each other and the dimensions of the input
apertures of the photodetectors are the same, while the size of the aperture along
the z4 c-ordinate is many times greater than the current signal spectrum. In this
case, it can be assumed that at each point in time, the light fluz falls only on
one photodetector.

The subsequent processing of the electrical signals from the outputs of the string
of photodetectors is accomplished by means of a multichannel processor, the
functional schematic of which is shown in Figure 2. The device consists of the
photodetectors 1, high frequency. amplifiers 2, detectors 3, threshold gates 4,
resolver 5 and switcher 6. The decision that a signal is present is made in the
case where the signal from the amplifier exceeds the threshold. The functions of
the resolver include making a decision concerning the presence of a signal at the
output of the corresponding channel of the threshold gate. Thé signals are fed
from the outputs of the high frequency amplifiers to the receiving and analyzing
equigment.

We shall assume that the internal noise of the photodetectors and amplifiers is
a great deal less than the additive and multiplicative interference components,
something which makes it possible to disregard this noise.

Let the input signals and the noimal steady-state interference with a zero mean
value be described by expressions of the form:

€)
(10)

s(t) = Ul () Re {exp j (0d + 91},
n(f) = Re {N () exp[j (ot + @n)]},

where UQ is the signal amplitude; 0, [t{|>T 3 T is the equivalent

size of the ultrasonic light modulator aperture; . and wy are the frequencies
of the signal and the interference; N(t) is the complex amplitude of the inter-
ference.

Taking the spectral width of the interference to be much greater than the
spectral width of the signal, we represent i13(t) in the form:

i3 (1) = MU (1) Re {exp [j (0:Vif + o)) F: (t, o, + o)} (11)
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-]
.

; Vi — .
where Fi(t, 0, L o) = j r(z,) n( : Q QZJ) exp(— ju,z;) dzz, @x = _Vw—’
Expression (11) can be rewritten in the form:
ixa (1) 2 UJTT () Re {exp [} (0asVit + 91 M (1, 0, + 0xd)), (12)

where in accordance with [2], we shall call M({t, w, - w.) =Re {M (1, 0,}F@z)} the
interference modulation function. ’

The correlation function of the interference modulation function M(t, w, + wze)
has thc form:

v.5L 0,5L

Bu(7) > 0,5M] Re [exp(jm,,, _%‘_) S‘ B[V{c - Qéz; —-25)] %

~0,5L —0.5L

exp [—i (53— 2) (m, + 0+ —P—)] deydz; + exp[ (mm et 2q=n)]><

0.5L 0,5L .
X S g D [ ZL‘——QQ(iﬂ)} exp ["‘ jzs+ 7-:;) (‘”z + 0+ il‘jim‘).l dz,dz;
~0.5L —0.5L ' (13)

where wzy = wy/Vy; B(1) = Re{B(1)} is the interference correlation function;
D(t) = Re{D(t)} is the mathematical mean value of the expression Re{N(t)(t-1)}.

If the distribution function for the phase distortion is close to uniform in a
range of [0, 2n] (this is usually the case), then the function D(t) 1s close to
0 [2] and the second term in (13) can be disregarded. Then:

0,5L 0,5L ,
Bu(r)zO,SMfRe{exp(ymm %T) y Y B[V:T-—QQ(Za——za)]X

~0,5L —0,5L

x exp [_ ] (23 - 3) (mz + Wen + Ore )] dz;dz:;} . ' (14)

Utilizing (14) and assuming that the radio signal is received against a background

of white noise, we shall find the expression for the energy spectrum of the inter-
ference modulation function:

2

sin[0,5Lw, (Q + 1)]
o, Q1)

G (0;) >~ 2MIN, -3—

’ (15)
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where B(t) = Ngé(t).

In finding Gy(w,), the fact that for white noise I."l(t, wz + wye/P) = F"l(t, wo)
was used.

In accordance with [2], with a low level of additive and multiplicative inter-
ference, governed by the condition: u >> 1, EMZ/UE) >> 1, where u = 2E/Ng is the
signal/interference ratio; E 1is the signal energy, the precision in the measure-
ment of a radio signal carrier frequency in the presence of additive and multi-
plicative interference is determined by the expression:

D) 1 |
ot~ o {1+—T—GH(O)}. (16)

")
cxld

f £ls(t) [ at T 1] s(t)dt

—co -

where Th= =% X — - 1s the mean square width of the signal.
[ Ispd [ [s@fa

@

If the origin for the readout is chosen so that S t].s(t)l'-‘dt=0,

Then T2, = ,\, tlé(l)l"dt/? IS0 dt. (17

For a signal of the form (9):

1
_1_2.. T2, (18)

2
Tex =

Substituting (15) and (18) in (16), we obtain:

(19)

- 12
Uzwﬁ?(

L ww, Lo )
where . Tys = -‘—/l; s W= O,51HzQL.
i

m

As can be seen from (19), the second term in the parentheses has the meaning of
the signal/interference ratio for the multiplicative interference component. If
T/WNoTy:_, <y, then the multiplicative interference has the governing influence on
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the precision of the measurement of a radio signal carrier frequency as compared
to the additive component.

The values of c were computed using expression (19) as a function of Tyz for
various values of u. The signal width was taken as equal to T = 10-3 sec, while
the parameter WNg = 5 and 50. As can be seen from the graphs shown in Figure 3,

the level of the multiplicative interference increases with a rise Tys. This is
explained by the fact that with an increase in Tys, the extent of the mutual
overlapping of the ultrasonic equivalents of the signal and interference in the
ultrasonic light modulator aperture increases, something which leads to an increase
in the power of the multiplicative interference component.

The precision of the measurement of the carrier frequency of a radio signal is
shown in Figure 4 as a function of the signal width. The equivalent size of the
ultrasonlc light modulator aperture in this case was taken as equal to Tys =

= 10-%4 sec while y = 10 and 102, Also shown in the same figure with the dashed
lines are the curves for.cﬁ as a function of T in the absence of multiplicative
interference. As follows from &4, with a decrease in the signal width, starting
approximately at T = 10-3 sec, the curves for 02 as a function of T practically
merge for various values of u, something which attests to the increase in the
influence of multiplicative interference on 02 as compared to additive inter-
ference. It likewise follows from the graph that with an increase in the signal/
/interference ratio, the extent of the difference in the carrier frequency
measurement precision from the potential accuracy obtained in the absence of multi-
plicative interference increases. This is explained by the predominance of the
influence (for large values of u) of multiplicative interference on 02 as compared
to additive interference.

s ) lgal. i’

6.2,y UQ, Hz IU?:\ | [
510° TSI '
40° L WV'% : !05 AN =
3/05 /4/‘/ : 1/03 lo‘ \\ /01
2074 _,./7 f,a B\
110°E— Who5 ). e R

] 10 07 107 lgic
9 /15-';2'77 5 6C } Ty log T {
se
Figure 3. Figure 4.
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UDC 621.391

COMPLEX SIGNAL RECEPTION AGAINST A BACKGROUND OF WHITE NOISE AND SPECTRALLY
CONCENTRATED INTERFERENCE USING PARALLEL CHANNELS

Kiev IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY: RADIOELEKTRONIKA in Russian Vol 24,
No 4, Apr 81 (manuscript received 2 Jan 80, after revision 9 Jul 80) pp 63-69

[Paper by A.Ye. Ulanov]

[Text] The problem of the analysis and synthesis of a
multichannel receiver for complex signals in the presence

of normal fluctuating noise and spectrally concentrated
interference is analyzed. It is shown that if the con-
centrated interference is nongaussian, the introduction of
optimal nonlinear processing in the channels impacted by the
interference leads to an increase in the reception noise
immunity as a whole.

Protecting a complex signal receiver against a strong spectrally concentrated
interference (SP) remains one of the important problems in the design of broad-
band communications systems.

An effective method of combatting spectrally concertrated interference is
reception via parallel frequency channels, the basis for which is the principle
of "whitening" the interference spectrum, proposed for the first time in [1].

The maximum signal/interfetence ratio which can be achieved at the output of an
optimal linear combining system, as is well known [2], is equal to the sum of the
signal/interference ratios in the individual frequency channels.

Actual spectrally concentrated interference has distributions of the instantaneous
values which, as a rule, differ from a normal distribution. Included among them
are signals from broadcasting and radio navigation stations, as well as various
kinds of passive and active jamming.

It is also well known [3] that if the interference is nongaussian, the signal/

/interference ratio in the channel can be increased by means of inertialess non-
linear conversion of the input mixture.
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Because of what has been presented above, the study of the question of boosting
the noise immunity of the reception of complex signals via parallel channels by
virtue of optimizing the nonlinear processing in each of them is an urgent issue.

The process at the imput to the complex signal receiver consists of the sum:

‘ (1)
Xty=SO+EO+ Zm(l).

i=1

- S(t) is a determinate, square integrable function, which determines the structure
of the signal being transmitted; £(t) is additive gaussian white noise; ni(t) is
a function which defines the i-th spectrally concentrated interference and 1 is
the number of the concentrated interference.

Reception is accomplished using L >> 1 frequency channels with mutually adjacent
and equal bandwidths, while each channel takes the form of the following series
circuit: filter--nonlinear element--filter. It is assumed that the input and
output bandpass filters have the same square-wave amplitude-frequency response.

The input process (1) is broken down by means of the input bandpass filters into
individual independent frequency samples. As a result, the process at the input
to the inertialless nonlinear element (BNE) of each c’ the channels consists of
the sum of the frequency sample of the signal and the narrow band interference,
which in the absence of spectrally concentrated interference in the channel is a
frequency sample of just the gaussian white noise, and when it is present, takes
the form of a certain nongaussian random process: an additive mixture of white
noise and spectrally concentrated interference. Thus, the process at the input
to an individual partial channel can be represented by the sum:

2, (£) = Gy (1) cO8 [0t — Pun (O] + Ry, (1) cos [0pat — Fa (D) 2

ag(t) and ¢g(t) are the envelope and phase of the frequency sample of the signal;
R t) and ¢pk(t) are the envelope and phase of the resulting interference of the
k-th channel (k = 1,L); wgy is the carrier frequency of the signal, which coin-
cides with the center frequency of the input filter for the k-th channel, while
wpk is the carrier frequency of the resulting interference, which in the general
case does not match ugk.

We shall further hypothesize that the envelope of the interference in each
channel has a Nakagami distribution [4]:

W (R) = T%FnT (%_—)'"R?m—‘ exp {— m Rﬂ} , R=0. (3)

The Nakagami distribution is convenient in that when m = 1, it changes to a
Rayleigh distribution (gaussian interference), and when m > 1, is a good
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approximation of a Rice distribution, i.e., the distribution of the envelope of
: the sum of the gaussian narrow band process and the quasiharmonic oscillation with
- a constant amplitude and arbitrary phase, which is called the nonguassian inter-
forence component in the following. Distribution (1) makes it possible to analyzel
all of the characteristic statistical situations which arise in the individual
frequency channels, from the case of interference with a probability density
having maximm entropy (gaussian noise), to the case of interference with minimal
entropy {harmonic interference where m = ®),

Using the criterion of the signal/interference ratio, we shall treat the analysis
and svnthesis of one network sectiom given the assumption that the desired non-
linear characteristic of the inertialless nonlinear element is approximated by

- the binemial:

v ) = o (x 4 o), (4)
where c¢1 and cp are certain coefficients.

The characteristic (4) is convenient in that on one hand, it is easily realized
and is "minimally noniinear" in the sense of generating the number of combina-
tion harmonics, and on the other hand, in accordance with [3,5], is a good approx-
imation of the optimal nonlinear functions obtained when solving the general
problem of structural synthesis for nongaussian interference, which is most fre-
quently encountered in radio engineering practice.

By substituting (2) in (4), we will find the process which is concentrated in
the first spectral band:

fu{x) = ¢ {[l + %—c,(az + 2R’)] acos (ot —,) + -2— ¢,R%a cos X
(0, — 0 £ — 285+ 9]+ — a?R cos (20, —0,)t— 20, + 05 +
(5)
+[1 + g—cz(R’%-?a’)]RCOS(wpf—%) . \

Jere and subsequently, the k subscripts are omitted.

In ccomunications systems with angular modulation, that portion of the output
frequency f1(x), which repeates the phase structure of the signal at the input,
must be equated to the useful signal at the output of the inertialless nonlinear
clement. The first term in (5) satisfies this condition:

[}

(rms () =a| 1+ e+ 2R2)} acos (@t — ). 6)

out
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The remainint terms of the sum (5) make a contribution to the output interference.
We shall find the amount of "system gain", defined as the ratio of the average
signal and interference powers at the output, normalized for the analogous value

at the input [6]:
N
A=(g e

out in

(7

Since the output signal amplitude is a random quantity, the output signal power
must be determined as the square of the average over the entire set:

| .
Q gy = Qux= g GE((@+ 2R F o0t DR ()

s out

The corner braces <> indicate averaging using distribution (3).
We shall define the output interference power as the difference:

o 9
Qpés{hﬁ:— ([fy(x) so“ﬁi(t)] )

By carrying out the averaging and substituting (8) and (9) in (7), we obtain:

1+ 2o+ 29)]’
/\ =

3 ’
L4 50y (mQ + 209 + — l(m@ + 5@ + 5 (10)

1
m=1+t; m=14 242 0 Ry,

The problem of synthesizing the inertialless nonlinear element characteristic
reduces to the determination of c2, which maximizes (10). By studying (10) for
the maximum, we find:

(9 — 92 = V(g — 6.8 — (919 — 9:93) (95 — q,)
(9293 — 9:94) !

N'L

3 , 9
n=3 (mQ +2a%); ¢,= 16 (msQ* 4 5a°m,Q +- 5a);

w

o 9 n
G = 5@ 20 g =1 @+ 20).
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The small signal case, where the signal/interference ratio at the input is
@ = a2/Q << 1, is of the greatest practical interest, and then:

| Cg=__-_43_ %' ' (11)
| e A e U
A= (@i — ) ’ (12)

By substituting (12) in (10), we have:

(1 —2)%
[— 2%y (M, + 2a) + AZ(my + Bm@) ©

Amu =

When m = 1 (gaussian interference), Ag = 0, Apax = 1, i.e., the nonlinear charac-
teristic degenerates into a linear one. When m >> 1; Ap = 1 + 0.5m5 Apay =
=mn/(1 +m) > 1, i.e., a considerable gain is observed because of the suppres-
sion of the nongaussian interference component.

In case the signal is masked by the nongaussian interference component and with
a large signal/noise ratio at the input (ma >> 1), Apay = 1/a. This actually
means that the cross-modulation product of the signal and interference, observed
at a frequency of (2w, - wg), the power of which is equal to the signal power,
makes the major contribution to the output interference.

When the signal is much less thanm the gaussian component of the interference

(mx << 1), the gain is Apax = m. Consequently, along with the suppression of the
nongaussian interference component, a decrease in the signal/noise ratio by a
factor of two 1s also observed.

Formula (10) characterizes the gain with the assumption that the output filter
passes all of the output process components without distortion.

However, if the carrier frequency of the spectrally concentrated interference,
. , does not coincide with the center frequency of the filter, uwp (frequency
mismatched interference), the "generalized system gain" of [6] will be even
greater by virtue of the suppression of the spectral components of the
Tecombination" noise which falls outside the "transmittance passband" of the
output filter.

In the general case, the cg inertialless nonlinear element parameters depends
not only on the power parameter of the interference Q, but on its distribution
parameter m. However, this has an impact on the conversionm result only for
small values of m.
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Key: 1. Fq; [input bandpass Figure 2.

filter 1];

- 2. BNE; [inertialess nonlinear
’ element 11;
Fo1 [output bandpass filter 11;
SF [matched filter];
5. FiL [input bandpass filter L

(L is the number of channels)];
6. AK-1 [channel analyzer 1].

The analysis and synthesis of the
nonlinear elements performed here
having the characteristic (4) demon-
strated that with the action of non-
gaussian spectrally concentrated
{nterference, the signal/interference
ratio in a channel in the case of
optimal nonlinear processing increases
by a factor of A, because of the
suppression of the nongaussian component of the concentrated interference, which
exceeds the level of the signal and fluctuating noise. Since this result can be
no further improved by means of any kind of conversion, subsequent processing
reduces to the optimal linear combining of the outputs of all of the channels
with weights of {2]: cikx = Sk out/ka, where Sk out is the signal component. Qpk
is the interference power at the output of the k-th channel. In accordance with
(11), it follows from (6) that c1j < 0 in the channels impacted by the concentrated
interference, since in these channels, s{ out < 0, and conversely, c1i =

= ai/Q1 in > 0 in those channels where there is no interference.

- w

A block diagram of the adaptive multichannel nonlinear filter is depicted in
Figure 1. It contains 'L channels, in each of which there are input Fi and
output Fo bandpass filters, controlled by the inertialless nonlinear element and
a variable gain amplifier. The analyzer of the channel (AK-1) identifies the
channels impacted by the spectrally concentrated interference. In the channels
where is no interference, the nonlinear circuit of the inertialless element is
disconnected (linear mode). In the remaining channels, the parameters of the
{nertialless nonlinear element are adjusted in accordance with the adopted
algorithm (the nonlinear mode). The channel analyzer (AK-2) performs the analysis
of the voltage readouts at the outputs of the bandpass filters and establishes
the weights with which the voltages are entered into the common sum.

We shall give the calculation of the reception noise immunity using parallel
channels, taking into account the subsequent processing of the complex signal

in a matched filter (SF) in two extreme cases: a) The concentrated interference
is an independent sine wave which is not amglitude modulated; b) All of the
interference takes the form of gaussian oscillations with rapidly changing

amplitudes, and have identical dispersions while their total power is constant.
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It is assumed that the signal and the signal and the noise have uniform spectral
densities in the passband occupied by the complex signal.

We shall introduce the coefficient Ak, which characterizes the degree of sup-
pression of the "combination" noise as a function of the degree of tuning mismatch
between the carrier frequency of the concentrated interference and the center
frequency of the filter: Auwk = |upk - UOk‘- In the absence of interference and
in the case of its maximum frequency difference, Ak = 0, since Awk = Imk - Well-
Then the maximum signal/interference ratio at the output of the optimum combining
system 1s equal to:

L

C\ _ . _\"_2A C '

(7). = e = X T (), %
out out k=) ?n

It is not difficult to show that in case (a), the ratio qut at the output of the
matched filter, in accordance with (13), is equal to:

1
l 1 1
: = 1__+_—Z_—/ 98¢,
T LT T LT |

q%n is the signal/noise ratio at the receiver input; B is the complex signal
base [7].

As is well known [7], the maximum signal/interference ratio is achieved in the
case of ideal coherent compensation for the interference and is equal to:

2 = 2Bq4
dnax 2Bafy-

The curves for the ratio q%ut/q% are plotted in Figure 2 as a function of_the
number of impacted channels /L #or three values of Ay =0, 0.5and 1 (u = 1,0)
are the solid lines. The maximum disadvantage of adaptive nonlinear filtering

as compared to ideal compensation amounts to 3 dB in all when Z/L = 1 and Xy = 1.
when Ay = 0, an adaptive nonlinear filter is not inferior to an ideal interference
compensator.

Curves borrowed from [8] are shown in Figure 2 with the dashed lines for compar-
ison with other well known reception methods. Straight line 1 corresponds to
reception directly with the matched filter. Function 2 characterizes the noise
immunity of a quasi-optimal amplitude equalizer with rejection of the spectrally
concentrated interference, while curve 3 is for an adaptive linear filter. It
can be seen from the graph that the gain in the reception noise immunity for the
case of optimal nonlinear processing in the channels has a more substantial
effect at greater values of I/L, i.e., in the case of greater saturation of the
radio channel with concentrated interference, something which is quite important.
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In case (b) and with optimal processing, the signal/interference ratio at the
matched filter output coincides with the signal/interference ratio at the output
of the linear adaptive filter, since cga =0, k=1,L (curve 3).

1t should be noted in conclusion that in a real interference situation, which is
characterized by the presence of concentrated interference with different statis-
tical properties, one can substantially boost the reception noise immunity using
parallel channels by virtue of optimizing the nonlinear processing in each of

- the channels. One of the design solutions can be the algorithm for adaptive
nonlinear filtering found in this paper, which makes it possible in a number of
cases to obtain a result close to ideal compensation for spectrally concentrated
interference, !
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* UDC 621.374.55
SIGNAL PROCESSING BY MEANS OF MAGNETOSTRICTIVE TRANSDUCERS

Kiev IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY: RADIOELEKTRONIKA in Russian Vol 24,
No 4, Apr 81 (manuscript received 3 Jan 80) pp 98-99

[Paper by V.P. Garmash]

[Text] Functional electronics devices are widely used in modern radioelectronics
[1]. Such devices include magnetostrive transducers, for which any parameter
which governs the conversion efficiency is made variable along the direction of
wave propagation [2].

The mechanism fér generating the pulge characteristic of a pair of magnetostric-
tive transducers is shown in Figure 1.

A waveguide made of a material which posseses the magnetostrictive effect and is
magnetically biased by virtue of an intermal or external magnetization, is
depicted in Figure la.

The input and output transducers are made in the form of single turns 1 and 2.
When a current pulse (delta-pulse) is fed to transducer 1, a mechanical stress
wave 0o appears by virtue of the magnetostriction effect, which in passing by
transducer 2 excites a voltage pulse e in the latter. If the conversion effect
{s the same at all points in the waveguide, then assuming the position of the
transducers to be variable, we obtain: e' = e(t - x/v - y/v ~ L/v), where v is
the wave velocity.

If the transducer is made in the form of a coil with a variable pitch, then the
e.m.f. enclosed between planes spaded dy distance apart on a portion of a turn
will be: de = Wye'(t - x/v - y/v)dy, where Wy, is the tangent of the slope angle
of the turn (or what is the same thing, the winding density). The sign of Wy is
determined by the direction of rotation of the coil. The e.m.f. from one turn
of the input transducer is equal to:

Y
= g Wye’ (¢ — x/v — ylv) dy,
L4
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In an analogous manner, when using a complex winding at the input transducer,
the expression for the total e.m.f., is:

X3 §s
6= S \W e ¢ — xlo— yle) dydz. 6]

LiN ]

The functions Wy and Wy are by definition real quantities. By equating expression
(1) to the requisite pulse characteristic E(t), we obtain the equation for the
determination of Wy and Wy.

Thus, the functions Wy and Wy realize the linear conversion of the signals e(t).
Assuming that Wy is specified, we obtain the simpler function:

Xy 2)
e = S W:e' (t — x/v) dx. (

Xy

The pulse-response has been recorded for transducers made in the form of single
turns and placed on a waveguide made of 015 mm [decimal point not given in
original] wire. Biasing of the transducers was used to make the form of e(t)
independent of x and 7.

The calculated and experimental pulse characteristics of a pair of magneto-
strictive transducers with a specified distribution of terms (Wy and Wy) are
shown in Figure 2. The good agreement makes it possible to conclude that there
is high precision in the correspondence of the physical and mathematical models
of magnetostrictive transducers with "long" coils.

W, ‘W,
7 [ — W e(t) = 1]
(a) ? r
e'm\/
w7 Cocenen
experiment
Figure 1. Figure 2.
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PUBLICATIONS, INCLUDING
- COLLECTIONS OF ABSTRACTS

UDC 621.382

COLLECTION OF PAPERS ON SEMICONDUCTOR DEVICES AND MICROELECTRONICS

Kiev POLUPROVODNIKOVAYA TEKHNIKA I MIKROELEKTRONIKA: RESPUBLIKANSKIY
MEZHVEDOMSTVENNYY SBORNIK in Russian No 33, 1981 pp 103-107

[Annotation and abstracts of papers in the collection "Semiconductor Engineering
and Microwave Electronics: Republic Level Interdepartmental Collected Papers",
Editor-in~Chief S.V. Svechnikov, Ukrainian SSR Academy of Sciences, Institute of
Semiconductors, Izdatel'stvo 'Naukova dumka"]

- [Text] Papers on the components of radio electronics equipment as well as opto-
electronics and microelectronics devices based on semiconductors and dielectrics

- are printed in the selection. The designs of new semiconductor devices, nonlinear
systems and multilayer structures are described. Data are given on the properties
of the various semiconductor materials and film systems. The steady-state charac-
teristics of semiconductor devices are analyzed; the influence of various actioms
on the characteristics of the semiconductor devices is discussed.

The book is for scientific staff members, graduate students and engineers working
in the field of semiconductor technology and microelectronics, as well as students
in the advanced courses of physics and radio physics departments.

UDC 621.382.2+0.0001,5+539.293.536.5

PROPERTIES OF A SEMICONDUCTOR MATERIAL USED IN MOS INTEGRATED CIRCUIT ELECTRONICS
(SILICON)

[Abstract of paper by Litovchenko, V.G.]

[Text] The characteristics of silicon material used in integrated circuit elec-
tronics are analyzed taking two factors into account: structural defects (predom-
inantly point defects) and oxygen impurities. The specific features of the
behavior of the properties of silicon plates are noted for the case of thermal
action, high temperature oxidation, the influence of the dielectric layer (oxide,
nitride) at the surface and a comparison of various types of defects is made with
the qualitative indicators for various types of devices. Figures 10;

references 60.
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UDC 621.382
FIELD EFFECT MEMORY TRANSISTORS WITH ELECTRICAL UNIPOLAR DATA REWRITE

[Abstract of paper by Dobrovol'skiy, V.N., Nevyadomskiy, V.I., Ninidze, G.K. and
Yarovoy, S.I.]

[Text] Field effect insulated gate memory transistors are surveyed, in which the
data write and erase are accomplished by electrical unipolar voltage pulses. The
various structures of such devices are described, the physical processes occurring
in them are treated and the parameters are indicated. When designing memories,
the use of these transistors can substantially simplify the solution of circuit
design problems as compared to the case where transistors are used with different
polarities for writing and erasing. Figures 8; references 68.

UDC 621.315

A STUDY OF THE METALLIZATION OF MOS STRUCTURES BY MEANS OF SECONDARY ION MASS
SPECTROMETRY

[Abstract of paper by Didenko, P.I., Marchenko, R.I. and Romanova, G.F.]

[Text] The results of a study of the physical and chemical state of the A1-8i02-5i
system using secondary ion mass spectrometry are generalized. It is shown that

the nature of the energy distribution of secondary ions for the major components of
the mass spectrum depends substantially on the planar inhomogeneity of the separa-
tion boundary between the metal and the dielectric. The degree of change in the
structure of the dielectric film depends on the method of applying the metal
electrode, something which is reflected in a change in the degree of hydration and
the electrical strength of the S107 layer. A structural model of the Al1-Si02-Si
system is discussed. Figures 5; references 9.

UDC 621.383.4

PARAMETERS OF AN EQUIVALENT CIRCUIT OF SANDWICH STRUCTURES BASED ON LIGHT
SENSITIVE FILMS OF CADMIUM SULFOSELENIDES

[Abstract of paper by Kaganovich, E.B., Maksimenko, Yu.N. and Svechnikov, S.V.]
{Text] The resistance and reactances of an equivalent series circuit for two
types of light sensitive sandwich structures are studied as a function of fre-
quency, bias voltage and illumination. The first type of structure is fabricated
using CdSe films deposited in a vacuum; the second is based on CdS powders with
binders precipitated in a centrifuge.

It is shown that thc real component of the impedance decreases with a rise in the

frequency (200 to 2 . 105 Hz) from the value of the direct current resistance to
a value close to the contact resistance. The existence of regions of working
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parameters is established (frequency, bias voltage, illumination), in which the
equivalent resistance in light exceeds its dark value. A sharp rise in the equiva-
lent capacitance is observed as compared to the geometric values in step with
increasing illumination and bias voltage at low frequencies. The conclusion is
drawn that the equivalent circuits are different for the two types of structures.
Figures 4; references 4.

UDC 621.315.592
MEMORY EFFECTS IN MOS STRUCTURES DUE TO THE ACTION OF RADIATION

[Abstract of paper by Kiblik, V.Ya., Lisovskiy, I.P., Litvinov, R.0. and
Litovchenko, V.G.]

[Text] The characteristics (sign, density, localization) of a charge incorporated
in a dielectric means of radiation, as well as the parameters (density, energy
distribution) of the surface states of a Si-Si102 separation boundary created in
MOS structures by gamma and ultraviolet (UV) radiation are studied by means of the
volt-faraday and the volt-ampere functions of the photoemission and contact
potential difference. The analysis of the results obtained and their comparison
for the cases of various kinds of radiation and irradiation conditions makes it
possible to draw definite conclusions concerning the specific features of the
formation and charge of electrical memory centers. Figures 7; references 13.

UDC 622.383.52

POSITIONALLY SENSITIVE PHOTOCELLS BASED ON CHALCOGENIDE TYPE CADMIUM (ZINC)
COPPER~-CHALCOGENIDE HETEROSTRUCTURES

{Abstract of paper by Komashchenko, V.N. and Nedostup, V.N.]

[Text] The properties of positionally sensitive biphotocells (PChF) with a trans-
verse photoelectric effect are described, where these are fabricated based on

- thin film polycrystalline chalcogenide type heterostructures of cadmium (zinc)
copper-chalcogenide. It is shown that the positionally sensitive photocells which
were studied are characterized by a large dynamic range of the travel character-
istic and high values of the slope of its linear portion, high resolving and
detecting powers, as well as an operational speed, low temperature and timewise
drift which are independent of the illumination of the light probe. Their fabri-
cation technology is rather simple and economical. It allows for the fabrication
of positionally sensitive photocells with a preset region and shape for the
spectral sensitivity, as well as photosensitive elements of various shapes and
sizes. Figures 2; tables 1; references 12.
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UDC 621.38252
ON OPTIMIZING THE BARRIER HEIGHT IN SCHOTTKY RECTIFIER DIODES |

[Abstract of paper by Al'perovich, Ye.A., Bocharnikov, M.Ya., Vol'fson, E.Ye.,
Panichevskaya, V.I., Rozhdestvenskiy, G.F. and Strikha, vV.I.]

[text] The optimum height of the Schottky potential barrier is calculated by
working from a minimum of the power dissipated in Schottky barrier power diodes.
The influence of the parameters of the semiconductor, the intermediate layer and
the metal-semiconductor (MP) separation boundary on the optimum barrier height is
analyzed. It is shown that by appropriately changing the parameters of the

model for the metal-semiconductor contact, the parameters of the rectifier diodes
can be adjusted. Figures 4; references 2.

UDC 621.382.2,.029.64.001

THE INFLUENCE OF BORON ION DOSAGE ON THE ELECTROPHYSICAL CHARACTERISTICS OF
IN-CHANNEL SAPPHIRE MOS TRANSISTORS

[Abstract of paper by Lokshin, M.M., Lyashenko, A.F. and Pelepets, P.I.]

[Text] The threshold voltage, drain-substrate breakdown voltage and drain-source
leakage currents of n-channel MOS transistors on sapphire are stuided as a func-
tion of the dose of boron ions implanted in the channel region. The experimental
results are compared with the calculations. Figures 3; references 10.

UDC 621.383.2

A STUDY OF THE ELECTROPHYSICAL PROPERTIES OF AN Si~5102 SYSTEM OBTAINED BY THE
OXIDATION OF SILICON IN WATER VAPORS

[Abstract of paper by Denisyuk, V.A., Panin, A.I., Popov, V.M, and
Sukhostavets, V.M.]

[Text] The volumetric generation lifetime 1gg, the effective generation lifetime
Tges the rate of surface generation of minority carriers Sg, the density of struc-
tural defects with poor dielectric strength (NDP) in the oxide as well as defects
with an anomalously high generation rate (AVSG) of minority carriers in S$i-5102
systems are studied where these systems are obtained by oxidizing silicon in
water vapors in a temperature range of P = 800 - 1,000 °C. In samples obtained
with T = 900 °C, and stabilized FSS's [not further defined], the least generation
activity level was established (1gy = 1.2 - 10-5 sec; Sg = 10 cm * sec~1l), the
minimum density of defects with a poor dielectric strength was found as well as a
lack of the formation of centers with an anomalously high rate of minority carrier
generation. Figures 3; references 17.
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UDC 621.315.592

SPECIFIC FEATURES OF THE RECOMBINATION PROPERTIES OF LARGE DIAMETER SILICON
BARS, USED IN MICROELECTRONICS

[Abstract of paper by Litovchenko, N.M,, Il'chishin, V.A. and Aleksandrov, V.T.]

[Text] A comparative study is made of the recombinational properties of large
and small diameter silicon bars obtained by Czochralskiy's technique which contain
oxygen in a concentration of about 1018 cm-3,

It is shown that recombination in large diameters bars is controlled by oxygen
complexes which lead to a substantial difference in the lifetimes of electrons and
holes. The concentration of recombination centers in such rods is substantially
nonuniform over their diameter. Figures 1; references 5.

UDC 021.315.592

THE INFLUENCE OF SURFACE TREATMENT ON THE SPECTRAL DISTRIBUTION OF THE PHOTO-
SENSITIVITY OF Cdo.2Hdo.8Te CRYSTALS

[Abstract of paper by Vlasenko, A.I., Matsas, Ye.P., Lyubchenko, A.B.,
$al'kov, Ye.A. and Shachenko, A.V.]

[Text] The spectral characteristics of the photoconductivity of Cdg,2Hgo, gTe
crystals are studied where various surface treatments are used for the purpose

of ascertaining the possibility of controlling their photosensitivity in a region
of from 2 to 14 micrometers. The treatments utilized have a substantial impact
on the signal amplitude and the form of the photoconductivity spectrum, where a
correlation is observed between a decrease in the signal at the maximum photosensi-
tivity and an increase in the photoconductivity in the short wave region. It is
shown that the minimum surface recombination rate of S = 350 cm/sec is observed
in crystals with electrically polished surfaces; all other treatments lead to

a value of S and order of magnitude or more greater than this level. It is
presupposed that the bulk lifetime in the surface layers of the crystals being
studied is not constant and depends on the surface treatments to qualitatively
explain the effects observed. Figures 1; tables 2; references 14,

UDC 621.384.3

THE CONVERSION OF INFRARED TO VISIBLE RADIATION BY ELECTROLUMINESCENT p-n
STRUCTURES BASED ON GALLIUM PHOSPHIDE

[Abstract of paper by Lyubchenko, A.V., Puzin, I.B. and Sal'kov, Ye.A.]

[Text] The possibility of converting the IR radiation of low power CO9 lasers
(Am = 10.6 ym) to visible radiation (Am = 0.7 um) by means of industrial p-n
structure light diodes based on gallium phosphide 1s reported. The conversion

effect is based on the temperature dependence of the electroluminescence intensity
of the light diode structures and consists in a sharp increase in the radiation
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intensity of the latter with the action of IR radiation. The effect is observed
at room temperatures. Figures 4; references 14.

UDC 621.382.2

THE INFLUENCE OF GAMMA RADIATION ON THE VOLT—AMPERE CHARACTERISTICS OF SCHOTTKY
DIODES BASED ON GALLIUM PHOSPHIDE EPITAXTIAL STRUCTURES

- [Abstract of paper by Konakova, R.V. and Faynberg, V.I.]

[Text] The results of the influence of Cof0 gamma radiation on the volt-ampere
characteristics of Au-nnt-GaP Shottky barrier diodes, fabricated using mn+ gallium
phosphide structures obtained by the method of 1liquid phase epitaxy, are given.
The diode structures were breadboarded avalanche transit time diodes based on
gallium phosphide. Figures 1; references 5.

UDC 621.396.963.3+621.326.001.24
ON A DYNAMIC MODEL OF MINIATURE INCANDESCENT LAMPS FOR OPTO-ELECTRONIC DEVICES
[Abstract of paper by Boguslavskiy, R.Ye. and Severinovskiy, N.S.]

[Text] Expressions are derived with precision sufficient for engineering calcula-
tions which describe the transient characteristics of miniature and subminiature
incandescent lamps used at light sources in opto-electronic devices. A system of
dynamic parameters is proposed for the lamps as well as a procedure for their deter-
mination by very simple experimental means. The pulsed mode excitation mode of

the lamps is analyzed and basic expressions are derived for calculating it. The
necessary conditions for realizing the dynamic memory storage mode in scanned
matrix structures based on incandescent lamps are determined. Figures 4;
references 4.

unc 537.311
A TRANSPARENT CdO ELECTRODE FOR ELECTROLUMINESCENT FILMS

[Abstract of paper by Vlasenko, N.A., Visheva, T.P., Gergel', A.N. and Komarov,
v.v.]

[Text] The influence of temperature and the duration of annealing for CdF9 films
obtained by thermal vapor deposition in a vacuum on their resistance is shown. As
a result of heat treatment, CdO films can be obtained with a resistance of 50 to
100 ohms/cross-section and a transparency of about 85%Z. Such films were tested as
transparent electrodes for ZnS;Mn electroluminescent films. A uniform contact
luminescence of up to 200 cd/m“ was obtained. The electrode sustains a current of
up to 10 mA/mm2. Figures 3; references 8.
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UDC 621.383:539.1.74

A STUDY OF DEEP LEVELS IN p-TYPE SILICON USED FOR THE FABRICATION OF NUCLEAR
RADIATION DETECTORS

[Abstract of paper by Voyevoda, G.P., Dubrovenko, M.Ya., Litovchenko, P.G. and
- Kibkalo, T.I.]

[Text] Joint studies of the structural and electrophysical properties of disloca-
tion free silicon used for nuclear radiation detectors are presented. The para-
meters of the deep centers are determined in various regions with differing concen-
trations of small and large clusters. The different influence of A clusters and
B clusters on the properties of the detectors is established. Figures 23

- references 3.

UDC 621.383.539.1.74

THE INFLUENCE OF A NONUNIFORM CLUSTER DISTRIBUTION ON THE PARAMETERS OF SURFACE
BARRIER DETECTORS

[Abstract of paper by Barabash, L.I., Berdnichenko, S.V., Litovchenko, P.G.,
Neymark, K.N., Osadchaya, N.V., Skorokhod, M.Ya. and Fal'kevich, E.S.]

[Text] The electrophysical parameters of nuclear radiation surface barrier detec-
tors are studied as a function of the structural perfection of the raw high resis-
tance silicon. The study of the structural defects of the dislocation-free sili-
con was made using X-ray diffraction topography in conjunction with decoration of
the defects as well as by means of selective etching. The influence of A and B
clusters on the level of the working bias of the detector and its energy resolu-
tion is demonstrated. TFigures 3; references 3.

UDC 621.383:539.1.74

A MULTICOMPONENT TELESCOPE BASED ON p-Si FOR SPECTROMETRY AND IDENTIFICATION OF
CHARGED PARTICLES OF INTERMEDIATE ENERGIES

[Abstract of paper by Balakin, v.D., Barabash, L.I., Berdnichenko, S.V., Kibkalo,
T.I. and Kirnas, I.G.] .

{Text] Experimental data on charged particle spectrometry using a semiconductor
telescope are given. Completely depleted silicon detectors using especially
pure and compensated silicon were used as the collection detectors in the
telescope. The results obtained for the energy resolution show the advantages of
this type of telescope, which are due to the increased radiation and timewise
stability of the collection detectors made of p-silicon with thin insensitive
input and output layers. Figures 4; references 5.
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UDC 621.383:539.1.74

A STUDY OF CHARGE LOSSES IN THE NEAR-SURFACE REGION OF THE SENSITIVE LAYER OF
Ge(L1i)-DETECTORS

[Abstract of paper by Balakin, V.D., Petrosyan, E.Ye. and Pashchuk, N.N.]

[Text] Results of a study of the near-surface region of Ge(Li) coaxial detectors
by means of a collimated beam of alpha particles are given. The correlation be-
tween the charge losses and the nature of the distribution of the electrical

field intensity in the sensitive region of the detector is demonstrated.
Figures 2; references 5.
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UDC 621.396,6.049,76,001
FUNDAMENTALS OF DESIGNING MICROELECTRONIC EQUIPMENT

Moscow OSNOVY KONSTRUIROVANIYA MIKROELEKTRONNOY APPARATURY in Russian 1981
(signed to press 4 Dec 80) pp 2, 302-303

[Annotation and table of contents from book "Fundamentals of Designing
Microelectronic Equipment", by Aleksandr Petrovich Nenashev and

Leonid Aleksandrovich Koledov, Izdatel'stvo '"Radio 1 svyaz'", 15,000 copies,
304 pages]

[Text] Annotation

General problems, singularities and the methodology of designing microelectronic
equipment are explained. The construction of modern microelectronic components—--
caseless hybrid integrated circuit (IC) elements and discrete electronic com-
ponents—-are given. Design methods are- consldered for insuring temperature con-
ditions of sections and units, protecting them from moisture and mechanical over-
loads, and methods and features of internal and external microelectronic equipment
configuration.

The book is intended for a wide group of engineers and designers involved in
developing microelectronic equipment. It may also be helpful for students at
institutes of higher learning.

Table of Contents

Foreword 3
Chapter 1, General Problems of Microelectronic Equipment Design 6
1,1, Design Features of Electronic Equipment 6
1.2, TFactors to be Considered in Designing MEA [Microelectronic
Equipment] 17
1.3. General Methodology for Equipment Design 19
1.4, TFeatures of MEA Design Methods and Quality Criteria 25
1.5. Evaluating Design Efficiency of MEA 30
1.6. State Standardization System., Unified Design
Documentation System 35
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hardware Base for Microelectronic Equipment

Integrated Microcircuits

IC Requirements and Operating Conditions

Design Configuration and Features of Installing Housed IC
Discrete MEA Electronic Components

Caseless Electronic Components and Their Use in Hybrid
IC, Microassemblies and Microsections

Electrical Interconnection of MEA

Function and Singularities of Electrical Connection of
Microelectronic Equipment

Factors Influencing Electromagnetic Compatibility of
MEA Elements and Sections

Electrical Length of Electrical Connection Line
Signal Distortion During Propagation in Electrically
Long Line
Parasitic Coupling of Electrical Connecting Lines
Connection Between Design and Electrical Parameters
of Electrical Connecting Lines

Toleratces of Electrically Short Connecting Lines in
Digital Devices

Tolerances of Electrically Long Connecting Lines in
Digital Devices in Presence of Cross-Talk

Acceptable Parasitic Capacitance for Amplifier
Problems To Be Solved in Designing Electrical Connection,
and Solution Methods '
Printed-Circuit Design
Wired-Circuit Design

Some Design Methods for Insuring MEA Noise Protection

. Electrical Connection Features of Unified Computer System

Insuring MEA Temperature Conditions

Influence of Temperature Conditions on MEA Reliability
Methods of Insuring Normal MEA Temperature Conditions
Heat-Sink Methods

Selecting a Cooling Method in the Initial Design Stage

MEA Moisture Protection

Influence of Moisture on MEA Reliability
Methods of Protecting MEA From Moisture
Selecting MEA Moisture Protection Method

Protecting MEA From Mechanical Effects

Influence of Mechanical Effects on MEA Reliability
Resistance of Construction to Mechanical Overloads
Basic Parameters of Shock-Absorbing System

Design and Parameters of Shock Absorbers

Planning Shock-Absorbing System
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Chapter 7. MEA Configuration

- 7.1. Content, Role, Methods and Criteria for Configuration
7.2. Evolution of Configured Electronic Equipment Circuits
7.3. Configuration Singularities of Third- and Fourth-

Generation Electronic Equipment
Conclusion

Appendix 1., Unified Design Documentation System Standards for
31/12/79

Appendix 2., Some State Standards Used in Designing Microelectronic
Equipment for 31/12/79

Appendix 3, Some Reference Materials Used in Designing MEA
Bibliography
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UDC 621.396,621,391,278
HANDBOOK ON CALCULATING NOISE-SUPPRESSION OF DIGITAL DATA TRANSMISSION SYSTEMS

Moscow RASCHET POMEKHOUSTOYCHIVOSTI SISTEM PEREDACHI DISKRETNYKH SOOBSHCHENIY
in Russian 1981 (signed to press 10 Feb 81) pp 2, 230-231

[Annotation and table of contents from book "Calculation of Noise-Immunity of
Digital Information Transmission Systems: A Handbook", by Valeriy Ivanovich Korzhik,
Lev Matveyevich Fink and Kirill Nikolayevich Shchelkunov, Izdatel'stvo "Radio i

f svyaz'", 17,000 copies, 232 pages]

i [Text] The structure of optimum and suboptimum decision circuits for various

1 channels with constant and variable parameters is described in the handbook in

a systematized, condensed form. The basic precise and approximate formulas are
cited for calculating the probability of errors contained in monographs and

! articles of Soviet and foreign authors published to date, Tables of certain
special functions which are widely used in calculations of noise~immunity and pro-
| grams for computing them on the :Elektronika-B3-21" calculator are given. The
handbook is for specialists engaged in development and utilization of means of

; communication,
Table of Contents

Preface 3
Introduction 4
Chapter 1, Channels with determinate parameters and additive noise 11
1,1, Classification and mathematical models of additive noise 11
1.2. Channel with additive white noise 16
_ 1.3, Channel with additive Gaussian noise 28
1.4, Channel with additive non-Gaussian noise 39

1,5. Channel with frequency-dependent constant parameters
- (reception under conditions of intersymbol noise) 52

Chapter 2, Channels with random parameters (phase, frequency,

amplitude) and additive noise 63
2.1. Mathematical description and physical nature of channels
with random parameters 63
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Channel with indeterminate phase and Gaussian additive
noise with uniform spectrum

Channel with indeterminate phase and additive correlated
Gaussian noise

Channel with indeterminate phase and non-Gaussian noise
Channel with indeterminate phase, frequency-dependent
parameters and white noise

Channel with indeterminate phase, random mean frequency
and additive white noise

Channel with indeterminate phase and amplitude

Channels with random structure (element reception)
Caussian linear stochastic channel
Channel with discrete multipath nature
Channel with frequency-selective fading
Channel with time-selective fading
Separated reception in channels with random parameters

Channel with random structure (reception in toto)
Aspects of approach and relationship to above material
Channel with random phase
Channel with instability and Doppler frequency shift
Channel with discrete multipath nature
Channel with selective fading (isolated reception)
Channel with selective fading (separate reception)

Quantum channels
Description of optical signals
Reception of signals with ideal photodetection
Noise-suppression of signal reception with quantum noise
Noise-suppression of optical signal reception based on
total of quantum and other noises

Major statistical inequalities used to evaluate
probability of error

Some functions used in calculation of noise-
suppression

Programs for computing some functions on "Elektronika
B3-21" calculator

Basic notations

List of abbreviations

Notations used in circuit diagrams

References
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UDC 681.325-181,48:621.3.049,77
MICROPROCESSORS
Moscow MIKROPROTSESSORY in Russian 1981 (signed to press 24 Mar 81) pp 2, 70
[Annotation and table of contents from book "Microprocessors', by
Mikhail Alekseyevich Bedrekovskiy, Nikolay Serafimovich Kruchinkin and
Vladimir Andreyevich Podolyan, Izdatel'stvo "Radio 1 svyaz'", 60,000 copies,
71 pages]
[Text] The possibilities for using microprocessors, their design structure and
the features of their application in specific devices as well are demonstrated
on the basis of a systematic exposition of materials reflecting the main properties
and the experience of using domestic and foreign microprocessors,
For a broad circle of readers.

CONTENTS

Preface 3

Introduction 4

Chapter 1. General organization principles of microprocessors and

microprocessor systems 8

1, Main elements of a microprocessor's structure 8
2, Memory organization. Structure and working principles of

a microprocessor system 12

3. Main circuit quality [Rus, magistral'most'] 17

4, Interruption 18

5. Direct memory access 19

6. Microprogram control 20

7. Program facilities 23
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2, Characteristics of microprocessors which determine the
variety of spheres and peculiarities of their application

Production and circuitry methods for the manufacture of

large integrated circuits

Characteristics of microprocessors as large integrated

circuits

High~speed response

Power consumption, dimensions and weight

Compatibility with transistor-transistor logic, number of

power supply levels

Capacity

Addressable memory capacity

Reliability and operational stability

Microprocessor classification., Main features of foreign

microprocessor sets

3, Domestic microprocessor sets
Series K580
Series K587
Series K589

4, General questions of microprocessor application
Microprocessor application methods., Microprocessor system
classification
General recommendations in the selection and application
of microprocessors

Chapter 5. Examples of the concrete realization of microprocessor

systems
Spheres of application for microprocessor systems
Microprocessors in the control and inspection of
production processes.
Microprocessor systems for expanding the functions and
improving the basic characteristics of communications
equipment
Microprocessor systems for increasing accuracy and
automation of measurements
Microprocessor systems in domestic devices and electronic
games

literature
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UDC 621,395.4
MULTICHANNEL COMMUNICATIONS SYSTEMS

Moscow SISTEMY MNOGOKANAL'NOY SVYAZI in Russian 1980
(signed to press 12 Mar 80) pp 2, 437-439

[Annotation and table of contents from book "Multichannel Communications Systems",
by Aleksandr Moiseyevich Zingerenko, Natal'ya Nikolayevna Bayeva and
Mikhail Serafimovich Tveretskiy, Izdatel'stvo "Svyaz'", 23,000 copies, 440 pages]

[Text] Principles for designing transmission systems are set out and fundamental
questions associated with build-up of a diverse type of interference in linear
channels and with the design and use of transmission systems with frequency and
time division of channels.

The textbook is intended for the students of communications VUZs who are special-
izing in multichannel electrical communications, and it may also be useful for
students in departments of automatic electrical communications, radio communica-
tions and broadcasting.

CONTENTS
Preface 3

Introduction 4

Chapter 1, Construction of transmission systems with frequency

multiplexing 7
Chapter 2, Interference in linear routes and channels 21
2.1. Interference sources and evaluation 21
2.2, Fluctuation interference 23
2,3, Nonlinearity interference 27
2.4, Nonlinearity coefficieants and attenuation 29
2.5, Combination oscillations 31

2.6. Attenuation of amplifier nonlinearity given frequency~
dependent negative feedback 33
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2,7. The group signal and its statistical characteristics 34
2.8, Noises due to nonlinearity products 40
2.9. Interference from linear transitions 48
2,10, Atmospheric interference 50
2.11, Compander applications 50
2,12, Pulse interference 52

Chapter 3, Correction of linear distortions in channels and group

routes 54
_ 3.1, The concept of linear distortions 54
3,2, Correction of linear distortions in transmission system
channels 59
3.3. 1Incorporation of correctors into channels 62
3.4, Correctors 70
3.5, Time characteristic corrections 84
Chapter 4, Automatic level control 86
4.1, Classification, basic definitions and characteristics of
ALC systems 86
4,2, Solitary ALC devices 91
4,3, Operation of ALC systems 106
4,4, Multifrequency ALC systems 114
Chapter 5. The linear route of transmission systems with FDC
[frequency division of channels] 118
5,1, Structure of a linear channel, Standardization of
interference 118
5,2. Amplifier deployment., Natural interference and static
build~up 122
5.3, Average length of repeater sections 125
5.4, Interference build-up from linear transitions 126
5.5, Interference build-up from nonlinearity products 127
. 5.6. Average power of insertion interference from a linear
channel 132
5.7. Optimization of preemphasis frequency characteristics 133
5.8, Optimization of linear level preemphasis 134
- 5.9, Optimum transmission level ' 135
5.10, Requirements for attenuation of amplifier nonlinearity 136
5.11, Requirements for attenuations of nonlinearity with respect
to protection from audible crosstalk ' 138
5,12, Influence of correction error on channel noise
immunity 141
5,13, Effectiveness of precorrection 143
- 5,14, Deployment of ALC in the linear channel 146
l 5,15, Influence of length of a control section on the average
length of repeater sections 147
5.16. Influence of temperature changes in coaxial cable
attenuation on amplifier load 149
5.17, Influence of temperature changes in cable attenuation on
channel interference resistance 149
5.18. Preregulation and its effectiveness 151
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Side flows and their influence on television signal
transmission

Frequency converters

Requirements imposed on converters
Passive frequency converters
Active frequency converters

Oscillator equipment
General requirements
Master oscillator frequency stabilization
Harmonics generators
Frequency dividers

Transmission system equipment amplifiers

Electrical filters
General definitions
Channel filters
Directional filters
Linear filters
Parallel operation of filters

Standard channel-forming equipment

Transmission systems with FDC Jfrequency division

of channels]
Systems for transmission along coaxial cables
Systems for transmission along symmetrical cables
Systems for transmission along overhead communications
lines
Systems for transmission along radio relay and
satelite communications lines

Features of transmission systems for local communication

lines

Through connections and channel discrimination
Through connections
Channel discrimination

Television and audio program broadcast transmission
equipment
General information
Characteristics of the television signal transmission
channel
Configuration of the television broadcasting channel
Requirements for audio broadcast transmission channels
Means of organizing aucio broadcast chanmels
Audio broadcast signal transmission equipment
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General questions
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Synchronizers., The cycle of the group digital signal
Generator equipment

Digital transmission systems, Consolidation and
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21,3, Brief information on optical transmission systems

21,4, Configuration of statistical transmission systems

21.5, Noises and distortions in statistical transmission

, system channels
21,6, Parameters of statistical transmission systems
21,7. Existing statistical transmission systems
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UDC 681.3,07
ONE-WAY COMPUTER STORAGE

Moscow ODNOSTORONNIYE ZAPOMINAYUSHCHIYE USTROYSTVA in Russian 1981
(signed to press 20 Feb 81) pp 2, 190-191

[Annotation and table of contents from book "One-Way Storage', by
Yurly Aleksandrovich Avakh and Vladimir Konstantinovich Fatin, Izdatel'stvo
"Energiya', 7000 copies, 192 pages]

[Text] New one-way storage with electrical and mechanical information exchange
are examined. The operating principles and distinctive features of storage
elements employing diverse physical phenomena are described, their basic charac~
teristics are given and the most advantageous areas of application are pointed
out. Methods for computing certain units and the interference level in the
number-transfer block are given.

For engineering and technical workers engaged in the design of discrete computers
and control devices,

CONTENTS
Preface 3

Chapter 1., Features and basic characteristics of one-way

storage (OWS) units 6

1. Types of storage 6
2. Structure of one-way storage, area of application and

basic characteristics 11

3. Potential OWS 16

4, Current OWS . 22

Chapter 2. The number-transfer block of a OWS with mechanical

information exchange 26

5, Design features 26

6, Separation of signal from interference 31

7, Means of recording and exchanging information 33

8, Linear communications elements 37
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9, Non-linear communications elements
10, Combined communications elements
11, Optical storage elements
12, Blocking storage elements
Chapter 3. Features of a capacitance OWS with mechanical
information exchange
13, Influence of information capacity on storage
characteristics
14, Elimination of the parasite effect of unselected request
buses
15, A storage matrix
_ Chapter 4, Semiconductor storage elements of OWS
16, Metal-oxide semiconductor (MOP) transistors with
floating cut-off
- 17, Metal-nitride-oxide-semiconductor (MNOP) transistors
18, Storage elements based on an amorphous semiconductor
Chapter 5, Integral semiconductor One-way storage (OWS)
- 19, OWS's using MOP transistors with floating cut-off
20, OWS's using MNOP transistors
21, OWS based on amorphous semiconductors
Chapter 6, Holographic OWS
- 22, General questions 3
23, The holographic principle of information storage
24, Masks and controlled transparencies
25, Means for information recording and read-out
26, Amplitude and phase holograms, Materials for hologram
recording
27, Redundant recording of holograms
28, The structure and principal characteristics of page
holographic storage
29, Holographic storage with electrical information exchange
30, Holographic storage with tri-coordinate access
31, Matrix of photodetectors
32, Deflectors for holographic storage
Conclusion
Afterword
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UDC 621,391.63
OPTICAL COMMUNICATION CABLES

Moscow OPTICHESKIYE KABELI SVYAZI: TEORIYA I RASCHET in Russian 1981
(signed to press 23 Jan 81) pp 2, 153

[Annotation and table of contents of book "Optical Communications Cables: Theory
and Design", by Nikolay Aleksandrovich Semenov, Tzdatel'stvo "Radio i svyaz'",
5000 copies, 153 pages]

[Text] Optical cable (OK) is considered a constituent of an optical data trans-
mission system which determines its fundamental properties, Physical principles
of transmission of wideband signals along OKs containing lightguides (SV) of
various types operating under multiple mode and single mode conditions are dis-
- cussed; in some cases the concept of partial waves and beam interpretation in
SV is utilized. Concepts are introduced about variable and emerging waves, A
brief examination is given to typical structural circuits of communications sys-
tems using optical cable and technology for producing optical fibers,

A systematic theory of regular lightguides is evolved; modifications are derived
for dispersion equations, theoretical formulas for phase and group velocities,
group delay time, attenuation coefficient, power flux distribution., The cor-
responding program for a computer 1is described and results of calculation are
cited. The question of optimization of the profile of the refractive index of

a gradient lightguide is considered. The effect of lightguide irregularities in
optical cables is discussed: flexures, microscopic bends, lightguide intercon-
nections, interfaces with sources and receivers. Transitional attenuations be-
tween lightguides in optical cables are determined. Analysis of the passage of
signals through optical cable based on chromatic and modal dispersions made it
possible to determine bandpass under various operating conditions. Basic principles
of optical cable design are formulated and examples of calculations of deformations
in optical cable components are given.

For scientific workers specializing in development of optical cable technology,
communication systems and control systems.
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Parameters of optical media

Optical materials and fibers

Waves in regular lightguides
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Parameters of waves in lightguides

Phase and groups parameters of waves
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Attenuation coefficient

Frequency characteristics of lightguide communications
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Gradient lightguides

Arbitrary profile of refractive index
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Optical cable with irregular lightguides
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Method of coupled power
Losses in microscopic bends in gradient lightguides
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Chapter 7. Signal transmission through optical cable

7.1. Causes of signal distortion. Analytical methods
7.2, Signal distortion in lightguides

7.3, Chromatic dispersion

7.4, Single mode conditions

7.5, Multimode conditions

Chapter 8. Connections between lightguides in optical cable

8.1. Coated lightguides
8.2, Transitional attenuation between lightguides in optical
cable

Chapter 9, Design of optical cables

. Exterior effects

Basic principles and examples of optical cable design
Calculation of deformations in concentric optical cable
Deformations in strip core of optical cable
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Conclusion
Appendix 1, Some cylindrical functions

Appendix 2. Program for calculating parameters of lightguide
communications systems
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UDC 621,395.37
PLANNING AUTOMATIC INTERCITY TELEPHONE EXCHANGES

Moscow PROYEKTIROVANIYE AVTOMATICHESKIKH MEZHDUGORODNYKH TELEFONNYKH STANTSIY
in Russian 1980 (signed to press 5 Mar 80) pp 2-3, 207-208

[Annotation, foreword (excerpts) and table of contents from book '"Planning
Automatic Intercity Telephone Exchanges", by Fanya Bentsionovna Bakaleyshchik,
Izdatel'stvo "Svyaz'", 10,000 copies, 208 pages]

[Text] Annotation

This book presents the basics of planning automatic intercity telephone exchanges
using type AMTS-3, AMTS-4, ARM~20, AMTS KE equipment and automatic switching
unit,

The book is intended for engineering and technical workers involved in planning
and operating automatic intercity telephone exchanges.,

Foreword
The creation of a nationwide automatically switched telephone network involves
the construction of automatic intercity telephone exchanges (AITE) and automatic
switching units (ASU). In the process of being developed, modern technical
automatic switching facilities are reaching higher quality levels; telephone
exchanges with new capabilities and new switching and control principles are
being created.
The present book is the first attempt at a systematic exposition of the basics
of planning AITE and ASU of various types considering their interaction in a
network, As new equipment is developed and assimilated, it will become possible
to introduce appropriate modifications and improvements to planning methodology.

Table of Contents

Foreword 3

Introduction 4
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National Automated Telephone Communication System
General Remarks
Nationwide Automatically Switched Telephone Network
Construction of Automated Intercity Telephone Network
Construction of Intra-Zone Telephone Network
Construction of City and Rural Telephone Networks
Communicating With Departmental Telephone Exchanges and
Mobile Platforms
Long-Distance Numbering

Communicating With International Exchanges
Types of Exchange and Center Equipment
Methods of Transmitting Line Signals and Control Signals

Order of Planning., Composition and Content of Planning
Materials

Exploratory Work

Technical and Economic Justification

Composition and Content of the Plan

Equipment Lists and Cost Estimates

Fundamentals of Designing AITE and ASU Channels and
Equipment
General Remarks
Methodology of Calculating Number of Channels for
Long-Distance Telephone Network
Initial Positions for Calculating Number of ZSL
[probably zone trunk line] and SLM [probably long-haul
trunk line] in Intra-Zone Network
Prospective and Installed AITE and ASU Capacity
Service Quality Indicators
General Principles of Calculating Amount of AITE and
ASU Equipment

Brief Information on Planning AMTS-1, AMTS-2 and
AMTS-3 Exchanges

General Remarks

AMTS-1 Exchange

AMTS~2 Exchange

AMTS-~3 Exchange

Planning AMTS-4 and AMTS-4-Type ASU

General Remarks

Operational Capabilities of Exchange

Functional Diagram of AMTS~4 and ASU

Establishirg Connections

Characterization of Basic Types of Exchange Equipment
Calculating Amount of AMTS-4 Equipment

Function and Operating Capabilities of ASU
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5.8. Functional Diagram of ASU and Operation of Devices
During Establishment of Connections

. Calculation of ASU Equipment

0. Design Features of AMTS-4 and ASU Equipment. Placement
Principles

5.,11. AMTS~4 and ASU Power Supply

5.9
5.1

Chapter 6. Planning Type ARM-20 AITE

6.1. General Remarks

6.2, Operating Capabilities of Exchange

6.3, Functional Diagram

6.4. Making Connections

6.5. Tandem Operation of Two Exchanges

6.6, Brief Characterization of Exchange Equipment

6.7. Calculating Amount of Exchange Equipment

6.8, Design Features of Equipment and Equipment Placement
6.9. Exchange Power Supply

Chapter 7. Planning Quasi-Electronic AITE (Quartz)

General Remarks

Operating Capabilities of Exchange

Functional Diagram and Equipment Makeup of Exchange

Making Connections

Brief Characterization of Switching System

Common—-Channel Signaling System

Calculating Cost of Long-Distance Conversations

. Accounting System for Telephone Loading and Service

Quality Control

7.9, Automatic Service Telephone Exchange

7.10, Monitoring and Test Equipment

7.11. Initial Positions for Calculating Quasi-Electronic
AITE Equipment

7.12. Construction of Quasi-Electronic AITE Equipment and
Its Placement

7.13, Quasi-Electronic AITE Power Supply
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Chapter 8, Requirements for AITE and ASU Buildings and Spaces
8.1. General Remarks
8.2, Initial Data for Planning AITE and ASU Buildings
8,3, Climatic Parameters in Technical Spaces
8.4, Number of Service Personnel

Chapter 9. Cable Connections at AITE and ASU

Appendix 1

Appendix 2

60

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1

114
116

117
118

119
119
120
121
124
127
129
152
172
174

174
174
174
176
179
181
184
185

186
187
187
189

190
193

193
193
193
195
196
198
200

202



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP32-00850R000400060046-1

FOR OFFICIAL USE ONLY

Appendix 3 205
Bibliography 205
COPYRIGHT: Izdatel'stvo '"Svyaz'", 1980

6900
€SO: 1860/344

61

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1

FOR OFFICIAL USE ONLY

UDC 621.397,611:621,397.65
RADIO AND TELEVISION TRANSMITTING STATION EQUIPMENT

Moscow OBORUDOVANIYE RADIOTELEVIZIONNYKH PEREDAYUSHCHIKH STANTSIY
in Russian 1981 (signed to press 15 Oct 80) pp 2, 238-239

_ [Annotation and table of contents from book "Radio and Television Transmitting
Station Equipment", by Viktor Konstantinovich Ivanov, Izdatel'stvo "Radio i
svyaz'", 14,000 copies, 240 pages]

[Text] Annotation

Questions of transmitting network conmstruction are examined, gemeral principles
of constructing various types of stations are given, the most important pieces

of equipment are examined in detail, and some types of television relays and low-
power transmitters are described. Separate chapters are devoted to measurement
and monitoring equipment and weasurement methods,

The book is intended for technical communication training school students in the
course on specialty No. 0706; it may be helpful for a wide group of technical
workers who operate the equipment in question.

Table of Contents

Notation used in text 3
Abbreviations used in text 4
Introduction - 7
Chapter 1, Television Broadcast Transmitting Network 9
1.1, Frequency Bands Allocated for TV Broadcast 9

1.2, Principles of Organization of Television Transmission
Network 15
1.3. Component Elements of Transmitting Network 18
1.4, Compatibility of TV Broadcast Tranemitting Facilities 29
1,5, Characteristics of Emitted Signal 32
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Principles of Construction of TV Broadcast Radio
Station
Generations of Radio Stations
General Construction Principles of Image Transmitters
General Construction Principles of Sound Accompaniment
Transmitters and Ultrashort Wave FM Broadcast
Transmitters

Low-Power Section of VHF Image Transmitters
Exciters
Narrowband High Frequency Section
Modulated Stage
Video Amplification Section

Wideband High Frequency Section of VHF Image
Transmitter

Distributed-Parameter Lines as Loads for Power
Amplifiers

Tuned-Circuit Systems in TV Transmitters
Power Addition System

‘Equipment of Common Section of TV Radio Station
Antenna Feeder Devices

Antenna Equivalent

Isolation Filters

Operating Two Stations on a Common Antenna
Auxiliary Radio Station Equipment

Sound Accompaniment and Ultrashort Wave T Broadcast
Transmitter Equipment
General Considerations
Frequency-Modulation Exciters
Radio-Frequency Section of Transmitters

New Stations for TV Broadcast in VHF and UHF Bands
General Considerations .

"7ona-I1" Television Station

Type ATRS-5/1 kWt Television Station

Construction Features of UHF Radio Stations

Low-Power Television Relays
General Considerations

Type RPTN-70-12/12 Relay/Converter
Type RPTDA Relay/Converter
RTsTA-70-R/12 Equipment

Test and Measurement Equipment and TV Stations
Types of Measurements and Instrumentation
Equipment for Periodic Measurements in Image Channel
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9,3, Equipment for Perlodic Measurements in Audio
Accompaniment Channel

9.4, Equipment for Image Channel Measurement and
Monitoring During Transmission

Chapter 10. Measurement of Distortions in Television Station Image
Transmission Sections
10.1. Measurement of Amplitude-Frequency Response and
Matching in Section
10,2. Measurement of Image Demodulator Characteristics
10,3. Measurement of Linear Distortions
10.4. Correction of Linear Distortions
10.5. Measurement of Nonlinear Distortions
10.6. Correction of Nonlinear (Differential) Distortions
10.7, Quadrature Distortions

Appendix 1., Terms and Definitions Used in Text

- Appendix 2. Electrical and Construction Parameters of Oscillator
Tubes Used in Transmitters

Appendix 3. Decibel Conversion of Voltage (Current) and Power
Ratios
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UDC 621,314.58(088.8)
SOLID MAGNETIC VOLTAGE CONVERTERS FOR RADIO POWER SUPPLY

Moscow MAGNITNO-TRANZISTORNYYE PREOBRAZOVATELI NAPRYAZHENIYA DLYA PITANIYA REA
in Russian 1981 (signed to press 2 Oct 80) pp 2, 97

[Annotation and table of contents from book "Magnetic Transistor Converters of
Voltage for Powering Radioelectronic Equipment”, by Boris Aleksandrovich Glebov,
Izdatel'stvo "Radio 1 svyaz'", 8000 copies, 97 pages]

[Text] Variable voltage converters (inverters) are examined, a typical feature

of which is the use of a single magnetic reactor with any number of galvanically
separated output channels. Circuits are classified by the principle of adjustment
and control of energy on the load. The operation of some modifications of variable
inverter circuits is analyzed. Methods are given for calculating the basic
characteristics of these circuits and defining component parameters. For techni-
cal engineering workers engaged in development and operation of secondary radio
power supply sources,

Table of Contents
Foreword 3

Chapter 1. Principles of construction of energy converters for radio

power supply 4
1.1. Basic functions executed by radio power supplies 4
1.2, Structural circuits of energy converters 4
1.3. Basic principles of construction of variable inverters
with current input and their classification 7
Chapter 2, Varlable inverters with discrete power cornsumption and
continuous transmission to load 9
2,1, TInverter with d.c. coil in power circuit and additional
switch control with gate conductivity 9
2.2. Inverter with additional windings in coil and transformer 27
7.3, Inverter with coil-transformer in power circuit 32
2,4, Inverter control devices providing stabilized output
voltage 36
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Variable inverters with continuous power consumption
from power source and transmission to load
General principles of construction
Inverter with multiple section primary winding of
power transformer
Inverter with additional control transformar
Inverter with energy transmission to load across two
transformers
Variable inverters with magnetic a.c. reactor in
primary winding
General Information
Simplest inverter circuit
Methods of controlling output power in inverters
Variants of power section of inverters
Variants of commutation circuits of power switches in
inverters

Variants of control circuits determining current amplitude

in primary side of inverter

Properties of inverters with inductively-limited rate of

current change
Calculation of energy losses in inverter components
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UDC 621.397.6

- TELEVISION DATA DISPLAY DEVICES

Moscow TELEVIZIONNYYE USTROYSTVA OTOBRAZHENIYA INFORMATSII in Russian 1981 (signed
to press 4 Dec 80) pp 2, 198-199

[Annotation and table of contents from book "Television Data Display Devices', by
I1'ya Naumovich Guglin, Izdatel'stvo "Radio i svyaz'", 7000 copies, 200 pages ]

[Text] The author examines physical principles of the formation of TV signals of
data display by digital methods, classification of TV data display devices, struc-
tural principles of modern alphanumeric displays, special structural characteristics
of data display devices used in ASU [automatic control systems] and subscribers' in-
formation complexes, including the "Teletext'system. Much attention is given to the
problems of designing microprocessors and specialized data display devices.

This book is intended for engineers and technicians specializing in the area of data
display systems in television, computers, telesignalization, and other areas.

- Contents Page
Foreword 3

Chapter 1. Principles of the Formation of Data Display TV Signals 4

1.1. General Propositions 4

1.2. Methods of Synthesizing Data Display Signals 10

1.3, Method of Mathematical Logic 12

1.4, Method of Trueness Diagrams 14

Chapter 2. Alphanumeric Data Display Devices 20

2.1. General Propositions 20

2.2. Structural Principles of Alphanumeric Displays 24

2.3. Multifunctional Alphanumeric Data Display Devices 29

2.4, Memory Unit 32

- 2.5. Keyboard of UOI [data display devices] 37
2.6. Discrete Automatic TV Data Display Devices 40

2.7. TV Synchrogenerator for Data Display Systems 44

Chapter 3. Formation of Symbols 55

3.1. General Propositions 55

_ 3.2, Matrix Representation in Forming Symbols 59
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3.3. Structure of Symbol Generators Using Matrix BIS
[1arge-scale integrated circuits]
3.4. Some Possibilities of Increasing the Effectiveness of Forming
Matrix PZU [permanent storage devices]
3.5. Formation of Symbols with the Aid of Discrete Elements
Chapter 4. Structural Characteristics and Uses of Alphanumberic
Data Display Devices
4,1, Data Input-Output Units for Computers
4.2. Uses of TV UOL in Telegraphy
4.3. Formation of Vectorsand Graphical Information
4.4. Formation of Diagrams, Mnemonic Diagrams, and Background
Images
4.5. Uses of TV Displays in Polygraphy
4.6, Uses of TV UOI in Information Systems
Chapter 5. Formation of Graphical Information
5.1. General Propositions
5.2, Formation of Graphical Information with the Aid of Computing
Devices
5.3, Formation of Inclined Displacement Figures and Lines of
Unlimited Lengths
5.4, Formation of Vectors
5.5. Formation of Circular Displacement Figures
5.6. Formation of Arcs and Vectors
Chapter 6. Graphic and Universal Data Display Devices
6.1. General Propositions
6.2, Graphic UOI
6.3. Universal UOI
6.4, Computing Devices of Graphic UOL
6.5. Logical Former
Chapter 7. Measuring and Specialized U0l in Communications Engineering
7.1. Television UOI in Communications Engineering
7.2. Principles of Television Oscillography
7.3, Digital Device for Displaying Service (0scillographic)
Information -
7.4, Multichannel Display
7.5. Specialized UOI for Communication Complexes
7.6, Mass Information Reference Service "Teletext"
7.7. Devices Developed Abroad
7.8. "Teletext" with a Variable Composition of Symbols
Chapter 8. Programmed Devices in Data Display Techniques
8.1, Microprocessors in UOI
8.2. Combining of a Display with a Microcomputer
8.3. Structural Principles of Intellectual Displays
8.4, Programmed Logic Matrices
Abbreviations
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UDC 621,382+621,396.6
THEORY OF SOLID STATE ELECTRONICS AND INTEGRATED CIRCUITS

Moscow FIZICHESKIYE OSNOVY KONSTRUIROVANIYA, TEKHNOLOGIL REA I MIKROELEKTRONIKI
in Russian 1981 (signed to press 5 Mar 81) pp 2, 247-248

[Annotation and table of contents from book "Physical Principles of Design and
Technology of Radio Electronics Equipment and Microelectronics”, by

Aleksandr Andreyevich Shternov, Izdatel'stvo "Radio 1 svyaz'", 25,000 copies,
248 pages]

[Text] The foundations of processes determining the operating principles of radio
and microelectronic equipment are set forth, The structure of solids, their
electrophysical properties are examined in detail; contact, surface, acoustic and
optical phenomena are discussed; phase conversions and thin film effects are in-
vestigated.

The handbook for a course in "physical foundations of design and technology of
radio electronics and microelectronics" is for students majoring in design and
production of radio equipment, It will be useful to students in related majors
and to a broad range of specialists in the radio industry,
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UDC 621,396.,96.001(07)

THEORY AND TECHNIQUES OF RADAR DATA PROCESSING AGAINST THE BACKGROUND OF INTERFER-
ENCE

Moscow TEORIYA I TEKHNIKA OBRABOTKI RADIOLOKATSIONNOY INFORMATSII NA FONE POMEKH in
Russian 1981 (signed to press 20 Apr 81) pp 2-3, 410-416

[Annotation, foreword and table of contents from book "Theory and Techniques of Ra=
dar Data Processing Against the Background of Interference", by Yakov Davidovich Shir-
man and.Vladimir Nikolayevich Manzhos, 'Radio i gvyaz'", 10,000 copies, 416 pages]

[Text] The authors generalized the problems of the optimization of multichannel
and single-channel detection, measurement and resolution of radar signals.

Main attention is given to the principles of synthesis and problems of technical re=
alization of various analog and digital detectors and meters of signal parameters
against the background of correlated nonsteady-state interferences, problems of the
adaptation to the conditions of a priori ambiguity, etc. A large number of illus-
trative examples are given.

The book is intended for specialists engaged in the theory, design and operation of
radioelectronic facilities and systems.

Foreword

The rapid development of radioelectronics, and the theory and techniques of proces-
sing radar information in particular, makes it difficult to generalize various pub=-
lications in this area., However, there is an urgent need in generalizing publica-
tions covering the present state of the theory and the prospects for the realization
of its conclusions.

Therefore, the generalization of the "egtablished" and new problems of processing
radar information against the background of interferences from a single sufficient-
ly general, methodological position is an urgent but difficult problem. For example,
the improvement of the element base broadened the possibilities of multichannel re-
ception. Signals and interference are described by sets of time functions, or by
functions of time and coordinates. Space-time processing of signals against the
background of interference ensuring its effective suppression (not only in radar)
becomes the subject of optimization. Generalization of new problems of such proces-
sing is a substantial part of the goal stated above.

72

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1

FOR OFFICIAL USE ONLY

This book is an attempt to solve this problem to some degree, It is based on courses
of lectures on the radar theory: for engineers improving their skills; for graduate
students and candidates preparing for postgraduate examinations. Special attention
is given to problems which are not always clearly and fully explained in published
sources: theory of primary space-time processing of radar information against the
background of correlated interferences with provision not only for the accumulation
of useful signals but also for compensating interfering signals; theory of measur-
ing of signal parameters changing and not changing in time against the background of
interference in the process of primary and secondary processing; adaptation theory;
adaptive antennas and moving target selection systems; new methods of coherent pro-
cessing of simple and complex space-time signals -- digital, optical, and spin me-
thods.

Much attention is given to the compactness, uniformity and simplicity of presenta-
tion of relatively complex theoretical material. The book reflects many years of
teaching experience and personal investigations of the authors in this area. Many
examples are given, The book will be useful not only to engineers and graduate stu-
dents, but also to undergraduate students of vuzes. Materials which until now could
be used by a narrow circle of researchers have now become accessible to many others.

The authors express their gratitude to V. Ye. Dulevich, D. I. Lekhovitskiy and M. B.
Sverdlik for their useful comments.
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UDC 621.396.2
WIDEBAND ANALOG COMMUNICATION SYSTEMS WITH COMPLEX SIGNALS

Moscow SHIROKOPOLOSNYYE ANALOGOVYYE SISTEMY SVYAZI SO SLOZH-
NYMI SIGNALAMI in Russian 1981 (signed to press 19 Dec 80) pp 2, 153

{[Annotation and table of contents of book "Wideband analog systems of com-
munication with complex signals", by Petr Fedorovich Polyakov, Izdatel'stvo
"Radio i svyaz'", 2.250 copies, 153 pages]

[Text] Questions of utilization of complex signals in analog systems of tran-
smission of continuous messages along radio channels with continuous and
randomly alternating parameters, additive functional and concentrated noise
are set forth. Methods are considered for formulating complex analog sig-
nals; algorithms are determined for optimum (adaptive) and quasi-optimum
reception for single and multiple beam channels of radio communications and
their corresponding receivers. Their noise-immunity is analyzed. Recom-
mendations are made for selecting the basis of a complex signal as a func-
tion of the noise affecting it.

For scientific workers engaged in research and development on communica-
tions systems.
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- CRYOELECTRONIC RECEIVING MODULES USING HYBRID INFRARED BAND CHARGE COUPLED DEVICES

Moscow POLUPROVODNIKI, SVERKHPROVODNIKI I PARAELEKTRIKI V KRIOELEKTRONIKE in
Russian 1979 pp 350-364

[Section 6.8 and relevant bibliography from the book by V.N. Alfeyev: "Semicon-
ductors, Superconductors and Paraelectrics in Cryoelectronics", Izdatel'stvo
"Sovetskoye radio']

[Text] 6.8. Cryoelectronic Receiving Modules Using Hybrid IR CCD's.

As was shown in §6.6, cryoelectronic modules have been used to an ever greater
extent in recent years for remote sensing in the IR band in various fields of
science and engineering. This has been greatly stimulated by the development of
thermal imagers in medicine for the determination of the heat picture of the human
body for the purpose of early diagnosis of numerous illnesses at small distances
from the object to the receiver, as well as the development of scammers for the
study of the earth's natural resources in meteorological, geological and other
research at great distances from the radiation source [17]. All »f this work would
be impossible without the synthesis of new narrow band semiconductor materials,
the width of the forbidden band in which corresponds to the low energy of the quan-
ta in the various regions of the IR band, without the creation of new methods of
fabricating diode structures which have a high detection capability, without the
development of low noise, small signal amplification techniques and without the
successes of cryogenic engineering and methods of scanning within a specific field
of view. Despite the design of various types of charge coupled devices during
1970 - 1976 [33, 34, 54], mechanical scanning receivers with a single cryoelec-
tronic IR receiver and an autonomous cryogenic installation for continuously main-
taining the requisite cooling 1evel have become the most widespread in IR receiv-
ing systems operating at long ranges. If moving images are received, the scanning
is accomplished in one plane using the well-known configuration adopted for ther-
mal imagers (Figure 6.13).

The received signal of one "point" of an image in the IR band passes through the
scanning mirror (1) (or rotating prism) to the input of the optical IR mirror
system (2) and is focused on the sensitive area of the IR receiving element (3),
which is coupled to the low noise preamplifier (4) located in cryostat (5). Unit
(6) is coupled to a photographic recorder which has a light source, the beam of
which travels over photographic film synchronously with the motion of mirror (1),
recording the intensity of each point of the IR image in a horizontal line.
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Figure 6.13. Electromechanical cryoelectronic scanning receiver
for the infrared band.

Key: A. Irput IR signal.

- Multiple element IR receivers which operate in various portions of the IR spectrum
are used to improve the resolution of such systems and provide for pattern recogni-
tion. The type $-192 multichannel cryoelectronic scanning receiver, installed in
the "Skvlab" (U.S.), with 12 channels in the visible, near and middle IR regions
(to 2.5 um) and with a 13th channel for 10.8 - 12.5 um [12] has extremely good

- parameters. This device is made using a single CdyxHgi-xTe semiconductor material
and is cooled to a temperature of 90 °K.

The fundamental drawback to all mechanical IR scanning reczivers is the peripheral

distortion of the diameter of the circle of confusion which falls on the receiving

element, with a deviation from the main optical axis of just a slight viewing angle,
a as well as the impossibility of controlling the scan in a wide range, the necessity
of having special electronic circuitry for the utilization of multiple element re-
ceivers and mechanical devices with an electric motor. The use of electronic scan-
ning with CCD's makes it possible to eliminate the deficiencies enumerated above
and enjoy the new functional capabilities in them. For this reason, the develop-
ment and study of CCD's and IR band receivers using CCD's have become a promising
field in recent years in which numerous researchers are at work [33-36]. One of
the major problems confronting designers consists in retaining the same ultimate
sensitivity in an electronically scanned system as in a single receiver with a sta-
tionary reflector and making use of the advantages which deep cooling yields so as
to improve the noise and amplification properties of CCD's.

The scanning task is facilitated in thermal imaging receivers in that the images
received only by one line of IR receiving elements, the number of which for a
specified resolution (size of the sensitive receiving area) determines the aspect
angle when viewing the terrain. For this reason, it is expedient to construct the
receiver in two ways: the element by element connection of each of the receivers
of the infrared strip, which is fabricated from a narrow band material, to the
input cells of a silicon CCD shift register, which performs the function of
series-parallel conversion and information compaction; or by setting up a matrix
of IR linear strips, each of which is counected element by element to a CCD regis-—
ter, which plays the part of an adder for charge storage, where the output of each
CCD adder is connected to the corresponding cell of the output shift register.
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When both of these methods are used, it is necessary to insert a differential
amplifier at the output of the CCD register, where an additional CCD register is
simultaneously connected to the amplifier to suppress the clock noise. A schematic
cryostat contained hybrid infrared CCD with a three cycle supply (%1, %2, $3) is
shown in Figure 6.14.
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Figure 6.14, Schematic of a hybrid cryoelectronic IR
charge-coupled device.

Key: A. Infrared Schottky barrier receivers;
B. CCD input elements;
C. Dual shift register;
D. Differential output;
E. Pulse input;
F. From the clock pulse generator.

An entire series of complex problems which derive from the following main require-
ments must be solved in the design of hybrid CCD's which operate in various por-
tions of the infrared band: the values of the spectral volt-watt sensitivity of
infrared CCD's should approximately correspond to these values for individual IR
receiving elements; the internal noise level and the value of the detection capa-
- bility D* of an IR band hybrid CCD should be of the same order of magnitude as in
individual IR elements, and in this case, the clock noise must be suppressed to a
level at which it does not degrade the signal/noise ratio at the output of the
linear channel with the CCD's; the speed and passband of the device should on the
whole assure its operation in image receivers; the size of the sensitive receiving
area of the IR elements and the step in the chip of the linear strip of IR re-
ceivers should govern the size of the step in the CCD shift register; the amount
of heat due to heat influx via the connecting conductors, which exit the cryostat
housing of the hybrid IR CCD, and the amount of heat liberated by the elements of
the device should not exceed (0.2--0.3)Qy, where Qg is the total heat influxes in
the cryostat, and the uniformity of the parameters should be high. To resolve
these problems, it is first of all necessary to develop techniques for the design
of the input and output circuits in hybrid CCD's. We shall consider a few input
circuits which are necessary for matching the output of a cooled IR receiving
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element to the input to the first cell of a register using silicon MOS charge
coupled devices. Hybrid CCD's with direct charge injection. The simplest input
device is onc consisting of a p-n junction and controlling insulated gates, which
provide for either for the creation of a potential well for the storage of the
injec .ed charge or the formation of a conducting inversion channel for the over-
flow of the injected charge into the first potential well of the CCD register.
This ic also preserved when two or three gates are used.

One can write IA‘= I1 + Iccp for the
current of the "IR receiving element
when exposed to IR irradiation and
the coefficient of injection from
the IR element into the potential
well of the CCD is equal to:

or. l.bf.ﬂfq .
£, iz | %= liscl = EaRall[Ry Cas +Ca) + (1 4 2aRP)
Figure 6.15. The coefficient of charge
injection in infrared band
hybrid CCD's as a function

The calculated curve for the
of frequency.

injection coefficient ny is shown
in Figure 6.15 as a function of
frequency for various values of

gn Imicromhos]) and the capacitance of the input p-n junction Cp, if the IR element
(PbSnTe) has Rg (V = 0), A = 0.7 ohms . cm? and Cp (50 mv) = 45 pFd. As can be
seen from the figure, at low frequencies the conductance of the input junction
exerts the main influence on the value of ng, and at relatively high frequencies
(more than 100 to 150 KHz), the capacitance of the input junction begins to have
an impact.

The coefficient ny depends on a number of factors: on the ratio of the voltages
at the gates and the p-n junction, on the degree of overlap of the p-n junction
by the input gate and the ratio of their capacitances as well as on the mutual
positioning of the input gate electrodes and the first electrode of the CCD. In
turn, depending on the operational mode of the CCD, the circuit configuration of
the input gate or that for the formation of the MOS capacitor, or for the forma-
tion of the conducting channel connecting the p-n junction to the first potential
well in the cell, the virtual drain of the MOS tramsistor, can have an influence
on the coefficient ny. When a supplemental floating low capacitance diffusion
region is used in the input device to reduce the level of input noise, the injec-
tion coefficient ny can be slightly reduced.

Stickle et al. [35] analyzed the signal/noise ratio for infrared band hybrid
CCD's with direct charge injection, which utilize a summing with delay operation.
For a hybrid IR system with a matrix of nine photodiodes based on (HgCdTe) at

(A = 12 ym) under standard conditions (Tp = 300 °K, a field of view angle of 90°),
a signal/noise rario on the order of 500 was obtained for a photon flux of

3 . 1017 the dynamic range was 300 and the increase in the useful signal because
of the noise was equivalent to a temperature range of 0.1 °K.
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If only the low frequency range is considered and the influence of modulation is
neglected, then the equivalent circuit of a hybrid CCD for the case of direct
injection will contain the parallel connected conductance and capacitance of the
photodiode and the overall conductance and capacitance of the CCD input. The
light sensitivity of the photodiode in the idealized case is determined from the
expression:

In=I,(exp qV[kT—1) +1Iy, (6.41)
where Ig is the inverse diode saturation current, Iy is the photogeneration
current, where Iy = nqdpA and ¢p is the photon flux.

As is well known, the quantity Ig depends on the resistance of the photodiode
Rg as follows for the case of zero bias:

IS = kT/qR0 (6.42)

The signal current distribution for a bias voltage across the diode Vv= 0, will
correspond to the expression:

) Tep = Ioe=Tlol(1 -+, RS | (6.43)

since the overall current is

dy=14 (R &) (6.44)

The slope of the CCD input in the small signal case is expressed by the ratio for
the conductance gp:

L kI Lo ) Mk TN

where 7/L is the ratio of the geometric dimensions of the input gate, u is the
minority carrier mobility, CoKC is the capacitance of the oxide per unit area.
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The signal injection efficiency is expressed by the ratio Iccp/Igp and it is
therefore desirable that this quantity be as close as possible to unity. This
means that the entire current generated by the photon flux in the photodiode
goes to the CCD register. It follows from expression (6.43) that the product
gmRo should be large for large values of the injection efficiency, although the
dependence of gy on Igcp, as can be seen from (6.43), complicates the picture.

We shall analyze the so-called subthreshold mode, which is defined by the
relationship:

| ..""30 € E“?Cf'—c(iqr"). (6.46)

For a typical input circuit of a silicon CCD, having
Z/L = 4, w = 700 cm2 - V-1 - secl, Cgq =3 - 1078 F/en? and T = 300 °K,

The ultimate current is approximately 30 nA.

If the function

V)

is represented as a function of the small parameter Y1+x and is expanded in a
Taylor's series, by limiting ourselves to the zero and first term of f(x) =
=1+ (1/2)x + ..., then in the chosen mode, the expression for gp in formula
(6.45) reduces to:

g = qICCD/kT (6.47)

) m
B = 3 *T-

Then expression (6.44) will assume the form Igcp = Ip + kT/qRg. It follows from
this that the condition Ig >> Ig provides for 170 percent signal charge injection.
For photovoltaic receiving IR elements, this likewise means a condition of limita-
tion on the sensitivity by the external background (BLIP). The background limita-
tion condition, as was demonstrated earlier, is extremely important, since this
means 100 percent signal charge injection, high linearity of the light response
between Iccp and 9p as well as good uniformity of the channel, which does not
depend on the value of Ryg. The total noise voltage of the photodiode is:

o', = (‘—’;‘Rf—+ 2ql¢) R',, (6.48)

where the first term of the expression in parentheses represents, the diode
Johnson noise,while the second term represents the induced photon shot noise
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current. The CCD noise voltage, on the other hand, is expressed as
follows:

2 eln3c=8krl(3gm)+c'lll' (6.49)

where the first term is the Johnson noise of the strongly inverted channel region
and the second is 1/f type noise.

The value of the specific detection capability D* for a hybrid IR band CCD can
be defined ast

DE. = D* o =D*JVF, (€.50)

where the noise factor F 1is defined as the ratio of the total noise power to
the photodiode noise power. When substituting, F is expressed as:

- R, GRT/R, + 29lg)  *

_ In the experiments of Sato Iwasa and Vita with a single HgCdTe photodiode in a
| range of wavelengths close to 5 um, as well as those of Stickle, Alfeyev,

Bovina, Krev, Legezo, Stafeyev, Shamanayev, Nelson, et al. with multielement
| HgCdTe photodiodes in strips in a range of wavelengths of 8 to 12 um, the possi-
bility of introducing electrical charges from photovoltaic receiving elements
based on narrow band solid ternary solutioms, into a silicon CCD shift register
was demonstrated for the first time, where these elements were connected in the
circuit of a far infrared band hybrid CCD [36, 37]. With the optimum selection
of the technology for a wavelength of A = 5 um {36], such a photovoltaic cell has
a high impedance, since its equivalent circuit (at A = 5 ym) consists of a resist-
ance of ;:106 ohms and a capacitance on the order of a few picofarads, connected
in parallel, and dissipates a low power: < 1 microwatt.

A direct injection experiment at a waveleagth of 5 ym was performed with a single
photodiode based on p-n junction, fabricated on a p-type substrate by means of
directly connecting the p-region of the photodiode to the p-region of a CCD with
a surface channel, and the n-region of the photodiode to the n-region of the
diffusion source of the CCD. The parameters of this photodiode are given in
Table 6.2.

A two-phase supply for the carry electrodes was used in the CCD registers as
well as an input read gate made of Al, which was connected to phase &1 of the
clock supply at a frequency of 500 KHz. A bias voltage of approximately -1V was
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- fed to the electrodes made of polysilicon in order to provide for an input current
of 0.2 uA for the purpose of compensating the photoelectric current of the photo-
voltaic receiving cell generated by the background and thereby providing for the
operation of this element at zero bias.

TABLE 6.2

The Parameters of a Photovoltaic Cell Based on HgCdTe for the
Central Infrared Band

Parameter, Measurement Units

D* for an aspect angle of 180° and a background

temperature of 300 °K, cm - Hz1l/2/w 1.6 - 1011
D* for an aspect angle of 180° and a background
temperature of 77 °K, cm . Hzl/2/W . 2.5 + 1012
The area Ap, cm? 1.82 * 10-4
Resistance Rg at 77 °K, MOhm 20
a'Maximum sensitivity wavelength, um 4.4
Longwave sensitivity limit, um 4.76
- Zero bias diode current, pA 0.2
Quantum efficiency n 0.74
The product RoA, at T = 77 °K, ohms - cm2 3,640

Black body radiation at T = 500 °K was modvlated by a mechanical modulator

at a frequency of 723 Hz. The modulated signal was processed by selective and
broadband amplifiers, and was measured by means of spectrum analyzer in a pass-—
band of 10 Hz. The spectral noise density at the CCD output amounted to 6 uV/Hzll2
at 723 Hz. In the experiment of [36], the HgCdTe photovoltaic cell operated at a
typical signal/noise ratio value of 600. 1In the case of the direct connection of
the photodiode to the CCD input, the signal/noise ratio at the CCD output proveéd

to be 600+100. These values correspond to the value of the detection capability

D* for a single photodiode, corresponding to 1.6 . 1011 cm - Hz1/2 . w=1, The
signal and noise are generated only by the HgCdTe photodiode and the output of

the hybrid circuit with the CCD, something which is clearly demonstrated by the
oscilloscope traces in [36]. The noise factor of the given hybrid circuit,
computed from formula (6.39), amounted to F = 1.0 for the following data, which
were obtained experimertally: Rop = 20 MOhm, Ip = 0.2 yA, T = 77 °K, efyf = 18/f
[uv2//Hz] and the CCD parameters given above.

Thus, for the case of direct charge injection in the CCD, the value of the
detection capability of the string of infrared band photodiodes, connected element
by element to the input of a multiple input shift register using a SI-CCD in a
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hybrid circuit configuration, can be no worse than the value of D* of a single
photodiode. In this case, each photodiode cell based on HgCdTe can dissipate a
power on the order of IZRO = 0.8 uW, something which is an insignificant amount
as compared to the power dissipated by photoresistive type receiving IR elements.

A circuit is given in paper [37] for an experimental unit to study the reception
of the emission of a CO2 laser by a far IR band hybrid CCD using light receiving
cells made of Hgg gCdg_ gTe. In this unit, the laser radiation passes through a
mechanical modulator to a photodiode string made of HgCdTe cells, each of which is
connected either directly or through a multichannel amplifier to the p-n junctions
of the input cells of the multiple input silicon CCD shift registers with three
phase supply and molybdenum transport electrodes. The hybrid CCD is placed in a
cryostat with liquid nitrogen, having an input window made of clear coated Ge. The
CCD electrodes and the output stage designed around MOS transistors are driven
from a clock pulse generator at a working frequency of 250 KHz, located outside
the cryostat.

- The signal from the CCD is fed to a differential amplifier to suppress the "clock"
interference and through a matching device to a dual trace oscilloscope. The sig-
nal from the CCD is fed to the input for ome trace while the signal from an addi-
tional photodiode is fed to the other, where this diode registers the modulated
radiation directly from the COp laser. An attenuator which attenuates the laser
power down to the requisite values in placed between the laser and the mechanical
modulator operating at a frequency of 60 Hz.

The silicon CCD is made in the form of l6-input MOS type structure with a step of
100 um having a common control gate for all the inputs and diffusion p-n junctions
which are not overlapped by the control gate, for the injection of charge carriers
from the photodiodes into the potential wells under every third transport electrode.
When a photoresistive linear strip for the IR band is used, special matching cir-
cuitry is employed. The charge transfer loss factor in a CCD shift register cooled
down to T = 77°K was reduced by a factor of 10 as compared to the value at T =

= 300 °K. The signals from the receiving elements can also be fed to the gates.

The dimensions of the IR radiation sensitive areas are 100 x 100 ym. The p-n junc-
tions were produced by mercury diffusion and the ohmic contacts were made using
indium. The doping depth of the p-n junction was 15 to 20 ym and the photoresistor
thickness was 20 to 30 um. The volt-watt sensitivity was higher than 103 V/W. The
photoreceiving elements are arranged on a substrate of leuco-sapphire. Measure-~
ments of the characteristics which were made ahead of the input of the CCD and
following the CCD demonstrated the total identity of the modulated signals and the
small signal losses when the signal received from the CO2 laser passes through the
hybrid IR band CCD.

No nonlinearity was detected in the output signal when the laser signal power was
varied by more than 40 dB. The output signal level with an increase in the temp-
erature of the silicon CCD register up to T = 300 °K and the IR element temperature

kept at T = 77 °K was reduced by a factor of two to three, Similar results weie
also obtained when PbSnTe elements were used.
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Vo

i .. Jdemonstrates the complete capability of designing
" y.ud on HpCdTe and PbSnTe which cover various regions of the
i far infrared. The creation of matrix far IR band CCD's
" °K with heterodiodes becomes possible when an epitaxial
ation of a ternary compound is obtained directly on the surface
.~ i wemiconductor substrate chip.

aee is used between the linear strip of photodetectors and the CCD
/i ter in IR band hybrid direct injection CCD's. Various components can
©o. <.rt ¢f the buffer stage - from an MOS tramsistor up to one or more in-
.nont amplifiers on the same chip. This is a variant, the merits of which
weoaist in the simplicity and ease of integration. We shall consider two types
4 indireet injection devices, in ome of which photoconductive thin films are used
Wiile pvroelectvic receiving films are used in the other [33].

iniwid (R band CCD's based on photoconductive films. Any photoconductive f£ilm
which can be successfully deposited on silicon dioxide without creating fast
states (or traps) at the separation boundary between the silicon and the silicon
dioxide can be used in devices of this kind. The role of the photoconductive
film consists in acting directly on the inversion channel of the input MOS transis-
tor which is connected to the CCD element. The degree of inversion in turn deter-
nines the rate of charge transport in the CCD. The number of input MOS transistors
- which can be fabricated on a single chip with a CCD shift regicrer corresponds to
the number of photoconductive film receiving elements. The advantage of this de-
vice consists in the fact that the photoconductive film can be precipitated in
- various ways following the formation of the MOS charge rnupled device on the oxide
or on the Si to create hetero-CCD's.

The operation of this device is described by the following sequence of operations
for the case of a photoresistor at the gate:

--A voltage is fed to the film bias electrode. It should be sufficiently high to
produce the inversion of semiconductor conductivity at the oxide--semiconductor
separation boundary underneath the photosensitive elements;

——Voltage is supplied to the control electrode so as to provide the requisite
level of resistance which is inserted in gseries with the photoconducting gate;

—-The bias voltage at the photoconducting gate is set somewhat higher than the
threshold voltage level for this gate. This leads to maximum charge transport in
the absence of an optical input signal and prevents the blurring of the image;

——The incident IR band photons cause a reduction in the resistance of the photo-
conductive films. As a result, the voltage drop across each photoconductive film
proves to be inversely proportional to the local density of incident photons;

——The charge transported in the CCD now becomes a function of the inten.ity of
the IR illumination of the photoconductive film. The nature of the transient
phenomena in the device in the nonsteady-stat? illumination mode is governed by

how rapidly the capacitance of the photoconductive gate is discharged through
the bias resistor.
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A device of this type, in being a hybrid indirect injection device, makes it
possible to design a straightforward and technologically simple linear or matrix
IR image reception system using CCD's. Another structural configuration is also
possible for the hybrid CCD's, in which the photoresistive IR receiving elements
are made in the form of linear strips of photoresistors on a monocrysti:l of 4
narrow band material, for example, HgCdTe or PbSnTe, which is secured to a common
passive substrate with a multiple input CCD shift register. In such a device de-
sign, which is used primarily in linea~ video receivers, the signal input elements
for the CCD can have an internal gain or be made just as in the case where photo-
conductive films are used, only a group layout is necessary for the contact metal
films from the monocrystal of the IR photoresistors to the CCD chip, without form-
ing individual contact areas which take up considerable space, and possibly, the

- connecting of the photoresistors to the input CCD diodes.

Hybrid indirect injection CCD's based on film pyroelectric receivers*. Pyroelec-
tric materials are used because of the fact that IR radiation can be registered
due to the strong temperature dependence off the polarization (a review of pyro-
electric receivers is given in Patli's paper). However, in the steady-state, the
polarization proves to be masked by the surface charges, and for this reason the
incident radiation must modulated. As a result, the recording is realized using
alternating current, while the background signal level 1is subtracted. Pyro-
electric receivers are fabricated from inexpensive materials and operate at room
temperature. However, the sensitivity of the existing pyroelectric IR receivers
is considerably lower than for quantum receivers, and for this reason, cooling is
also promising here.

The detection of thermally induced electrical charges in a pyroelectric becomes
possible if the dielectric of the capacitor is a pyroelectric material close to
the Curie-Weiss point, for example, triglycine-sulfate (TGS) at room temperature.
A signal can be fed from a pyroelectric receiver to a CCD in two ways: connected
a capacitor to the input MOS transistor on the same chip; create a pyroelectric
- £ilm between the MOS transistor channel and the metal of the gate (i.e., insert
- it in series with the gate). These methods are essentially the same; the second
one is more technologically complex, but makes it possible to obtain a more com-
pact structure. The operational principle of the device consists in the follow-
- ing. The voltage produced by the pyroelectric receiver modulates the depth of
the potential well in the MOS structure; the rate of thermally generated charge
carrier transport to the nearest potential well of the CCD shift register of the
least cross-section, but the deepest, is thereby modulated. The voltage Vg is
constant and chosen so that the depth of the potential well amounts to a few kT.
The charge generation processes (primarily from surface states) keep the well
practichlly filled with charge carriers. Charge drainage takes place through the
potential barrier to the CCD channel. The voltages for the device: so that the
following conditions are met for a variable image signal, modulated by a special
chopper: the amplitude is not limited by the dark current; the dark current
reaches a levei such that the signal modulation level amounts to practically 100%.

% The concept of creating hybrid CCD's based on pyroelectrics belongs to
B.I. Sedunov.
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An analysis of the noise properties of the device of [33] shows that as a first
approximation, thermal noise introduced by the receiver and the input circuit

- plays the dominant role. In the typical case of an IR band CCD with receiving
elements made of triglycine sulfate with an area of 10~ cm? on Si0p with a thick-
ness of 600 & at 20 frames per second, the minimum temperature difference which
can be resolved by the davice can amount to about 0.3°K in a transmittance window
of 8 to 12 micrometers. It should be noted that for the realization of the
theoreticaly working characteristics in typical devices, it is necessary to provide for
for a high degree of thermal insulation of the receiver so that it is not heated
up by the substrate and there is no crosstalk interference between individual
receiving elements arranged in a row.

SELECTED BIBLIOGRAPHY

12, "Infrakrasnyye methody v kosmicheskikh issledovaniyakh" ["Infrared Techniques
in Space Research"], Translation from the English, Edited by V. Manno and J.
Ring, Moscow, Mir Publishers, 1977.

17. Alfeyev V.I., "syerkhvysokochuvstvitel 'naya selektivnaya radiopriyemnaya
sistema" ["An Ultrasensitive Selective Radio Receiving System'], U.S. Patent
No. 3.381.225, issued 30 April 1968.

33. PROCEEDINGS OF THE IEEE: Topical Issue Devoted to Remote Infrared Sensing,
1975, Vol 63, No 1.

34. Nosov Yu.R., Shilin V.A., "poluprovodnikovyye pribory s zaryadovoy svyaz'yu"
["Semiconductor Charge Coupled Devices'"], Moscow, Sovetskoye Radio Publishers,

1976.

35. Stickle A., Nelson R., French B., Gudmunsen R., Shachter D., "Primeniye PZS
dlya registratsii IK signalov { formirovaniya izobrazheniya" ["The Use of
CCD's for Signal Recording and Image Generation'"], TIIER [PROC. IEEE], 1975,
Vol 63, No 1.

36. Sato Iwasa, "Hybrid CCD Infrared A = 5u" OPTICAL ENGINEERING, 1977, Vol 16,
pp 233-237.

37. Alfeyev V.N., Bovina L.A., Karev A.A., Legezo S.L., Sedunov B.I., Stafeyev,
V.I., "Gibridnyy PZS ma X = 8--14 mkm s priyemnymi HgCdTe elementani"
["Hybrid CCD's for a Wavelength of 8 to 14 Micrometers with HgCdTe Receiving
Elements'], ELEKTRONNAYA TEKHNIKA, Seriya 10, Mikroelektronnyye Ustroystva
[Microelectronic Devices], 1979, No. 3.

COPYRIGHT: Izdatel'stvo 'Sovetskoye radio", 1979

8225
CSO: 8144/1828 - END -

94

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400060046-1



